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1.0 INTRODUCTION

1.1 PURPOSE

The preferred alternative in the proposed plan for the 1301-N and 1325-N Cribs/Trenches
(currently undergoing regulatory review) requires the removal and disposal of contaminated
material at the Environmental Restoration Disposal Facility (ERDF) (DOE-RL 1997). Various
methods are available for excavation, transportation, and disposal of the material at ERDF. This
study will evaluate the issues associated with the various methods, focusing on radiation
exposure and safety hazards. Furthermore, the study will develop and compare options to
implement the preferred alternative.

1.2 OBJECTIVES

The specific objectives for this study are as follows:

* Evaluate methods to excavate, transport, and dispose of 100-N Crib/Trench waste
- Develop remediation options based on combinations of the various methods
* Perform a dose and cost evaluation for each option
- Identify a preferred option.

1.3 REPORT STRUCTURE

This report is divided into seven main sections. Sections 1.0 and 2.0 provide the scope,
objectives, and background information. Section 3.0 presents criteria to evaluate remediation
options. Section 4.0 presents the basis to develop remediation options. Section 5.0 presents
radiation dose evaluation and cost estimate results for each option. Section 6.0 presents issues
that may need to be addressed during remedial design. Section 7.0 presents conclusions and
recommendations.
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2.0 BACKGROUND

2.1 1301-N CRIB AND TRENCH

The 1301-N unit is located in the 100-NR-1 Operable Unit, approximately 240 m (800 ft) from
the Columbia River (Figure 2-1). The 1301-N unit is composed of two parts: a crib and a

zig-zag trench. The crib area is approximately 88 m (290 ft) long by 38 m (125 ft) wide and

about 1.5 m (5 ft) deep. The elevation at the bottom of the crib is 137.16 m (450 ft) above mean

sea level (amsl), and the surrounding grade is approximately 138.68 m (455 ft) amsl. A sloped
soil and gravel embankment forms the walls of the crib.

An underground 91-cm (36-in.)-diameter main effluent line from the 105-N lift station
discharged into the crib through a 16- by 3.7-rn (52- by 12-ft) concrete weir box, which was
initially open on top. The weir box, commonly referred to as the "horse trough," was designed to
fill and then overflow into the crib. Also discharging into the crib was an underground
30-cm (12-in.)-diameter effluent drain line from the N Reactor basin floor drains.

The bottom of the crib was initially filled with a 0.9-m (3-ft) layer of large boulders. In early
1981, an additional 0.6-m (2-ft) layer of smaller boulders was added to the top of the large
boulders to cover surface contamination. This layer started near the weir box and extended
northeast approximately 31 m (100 ft) along the length of the crib. During August and
September 1988, the entire crib was covered with cobble-sized material to an additional depth of
1.2 to 1.5 m (4 to 5 ft) (BHI 1996). Consequently, for remedial design purposes, the actual depth
of the rocks and boulders may vary throughout the crib from as little as 2.1 m (7 ft) to as much as
3.4 m (11 ft).

The 1301-N zig-zag trench was constructed in 1965 and is 490 m (1,600 ft) long by 3 in (10 ft)
wide at the bottom and 3.7 m (12 ft) deep with sloped side walls. Water spilled over the weir in
the dike on the north side of the crib into the trench. Boulders and cobbles were not placed in the
trench as they were in the crib. Wooden poles laid across the trench were used to support wire
screen to prevent bird intrusion.

In early 1982, precast concrete panels were installed to cover the trench to minimize wildlife
intrusion and airborne contamination. These panels created a 15-m (50-ft)-wide cover over the
top of the trench. The panels are supported by concrete foundations and beams; the panels span
the trench. The wooden poles and wire mesh were left in place. The gap between the ends of the
cover panels and the trench walls was backfilled to prevent wildlife intrusion. The joints
between adjacent panels, extending across the trench along the support beams, were grouted.
After backfilling, the side slopes outside the cover were sprayed with a layer of shotcrete to
prevent erosion and rodent intrusion.

In 1995, a limited field investigation was performed. Part of the scope of this investigation was
to drill an exploratory boring in the 1301-N Crib to determine potential impacts to groundwater
from crib contamination. Site preparation for drilling consisted of placing a drill pad that
consists of 0.61 in (2 ft) of clean fill over part of the crib to provide shielding during drilling

2-1



BHI-01092
Draft A

operations. This drill pad material was included in contaminated volume calculations presented
in this report.

2.2 1325-N CRIB AND TRENCH

Routine sampling of riverbank springs in 1982 showed an increase in radionuclide concentrations
reaching the river, indicating reduced effectiveness of the 1301-N unit to retain radionuclides in
the soil column. This sampling led to the construction of the 1325-N Crib. To transfer effluent
to 1325-N, the 1301-N weir box was modified by adding two 91-cm (36-in.)-diameter, discharge
pipelines (opposite the inlet lines) and a cover.

The 1325-N unit was also comprised of two parts: a crib and a straight trench. The 1325-N Crib
was constructed and operational in October 1983 as a replacement for the 1301-N unit that had
reached its disposal capacity. The 1325-N unit operated until April 1991, and the unit was
dismantled in 1993. The 1325-N unit is located approximately 300 m (1,000 ft) east and 61 m
(200 ft) north of the 1301-N unit (Figure 2-1).

The 1325-N Crib is 76 by 73 m (250 by 240 ft) and has a concrete cover positioned about 4 m
(13 ft) below the surrounding surface grade, which is about 137 m (451 ft) amsl. The cover is
made of precast concrete panels with grout-sealed joints.

Effluent was delivered to the 1325-N Crib through a 366-m (1,200-ft)-long by 91-cm (36-in.)-
diameter pipeline. A reinforced concrete-header, box-and-trough system distributed the effluent
in the 1325-N Crib. Effluent entered from the 91-cm (36-in.) pipeline into the main distribution
trough that runs down the center of the crib. The effluent flowed through holes in the sides of the
main distribution trough into the distribution laterals. Similar holes in the sides of the
distribution laterals allowed the effluent to evenly discharge to the soil column.

The 1325-N Crib did not achieve its designed flow capacity because of low percolation rates in
the soil column; therefore, the 1301-N unit was used as an alternate discharge point to prevent
the 1325-N Crib from overflowing (BHI 1996). During October and November 1983, the crib's
capacity was exceeded two or three times causing it to overflow. Each overflow traveled no
more than 6.1 to 9.1 m (20 to 30 ft) from the crib's concrete cover. All contamination stayed
within the fenced boundary, and each overflow was covered with a 15- to 20-cm (6- to 8-in.)
layer of clean 2.5- to 5-cm (1- to 2-in.) river rock. After these initial incidents, the flow to
1325-N was controlled to prevent any further overflows.

Construction of the 1325-N straight extension trench started 3 months after the crib began
operation (BHI 1996). The 1325-N straight extension trench was operational in September 1985.
The trench is 914 m (3,000 ft) by 16.8 m (55 ft) and is 3.05 m (10 ft) deep from the bottom of the
concrete panels to the soil percolation surface, which is at an elevation of 133.2 m (437 ft) amsl.
This trench is also covered with precast concrete panels placed close together, but left unsealed;
the panels have lifting lugs. CentracoreTM concrete panels measuring 0.6 m (2 ft) by 20.3 cm
(8 in.) were placed unsealed along the sides of the trench. The sides of the trench were
backfilled, which created a minimum barrier of 0.9 m (3 ft) for burrowing animals.
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The trench is divided into four equal sections by three dams. Only the first 226 m (740 ft) of the

1325-N Trench were used, as effluent levels never rose high enough to cross the first dam. The

dams are composed of structural fill and concrete. A layer of riprap was added on the
downstream side of each dam to prevent scouring. The top 0.6 m (2 ft) of the trench bottom was
dredged periodically to remove the fines to enhance percolation and reduce plugging.

In September 1985, 1325-N became the primary liquid waste disposal facility at 100 N, and
1301 N was used only as an emergency discharge point. In December 1986, N Reactor was
placed on standdown status for an extended maintenance and safety upgrade. Thus, discharges to
1325 N decreased significantly and ceased in April 1991.

2.3 LIMITED FIELD INVESTIGATION AND CORRECTIVE MEASURES STUDY
RESULTS

A limited field investigation (LFI) (DOE-RL 1996a) was conducted in 1995 to investigate the
contaminant and moisture distribution in soil beneath the 1301-N and 1325-N units. Three
boreholes (199-N-107A, 199-N-I08A, and 199-N-109A) were drilled at the facilities
(Figure 2-2). Borehole 199-N-107A was drilled within the 1301-N Crib, while boreholes
199-N-108A and 199-N-109A were drilled adjacent to the 1301-N Trench and 1325-N Crib,
respectively. The analytical results from the boreholes are presented in Appendix A.

Field investigations showed that soil contaminant concentrations were highest near the base of
the facilities and decreased dramatically with depth. Principal radionuclides were the same at
both 1301 N and 1325 N and include cobalt-60, cesium-137, strontium-90, europium-152,
europium-154, tritium, and plutonium-239/240. Chemical contamination (nitrate, mercury, and
chromium in 1301-N) may also be present.

In addition to the LFI boreholes, historical operations' data from the surface samples taken from
1980 to 1985 were used to support the LFI (DOE-RL 1996a). The quality of these data cannot be
determined due to a lack of QA/QC documentation; however, these data were still used to
support this study. However, additional sampling must be implemented in the design phase to
confirm the surface sample values. Locations for these samples are shown in Figure 2-3, and the
analytical results are presented in Appendix A.

A corrective measures study (CMS) dose estimate showed higher radiation exposure to workers
for the 1301-N and 1325-N Crib/Trench remediation as compared to other 100 Area
remediations. Based on the evaluation of the data, it was determined that cesium-137 and cobalt-
60 are the radionuclides of concern for gamma-emitting radiation. Cobalt-60 and cesium-137 are
considered to be the major contributors of the external radiation sources, thus providing the
majority of exposure to workers, especially during excavation/remediation. Plutonium-239/240
and strontium-90 are the radionuclides of concern for airborne contamination.

2-3
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24 CONCEPTUAL MODELS

The conceptual models presented in the CMS identified a zone of contamination targeted for
excavation. This study uses the data from the CMS to further develop the layers of
contamination to be excavated.

2.4.1 Typical Contamination Layer

While developing this engineering study, it became evident that ERDF operational constraints
may be the dominant factors in developing approaches to remediate the sites. Airborne
contamination is the constraint for ERDF operations. Calculations showed that plutonium and
strontium were dominant contributors for airborne contamination. Therefore, the team evaluated
the available data to determine if there was any obvious layering of plutonium and strontium in
the waste zone.

A review of the data collected reveals that limited information is available on the layer of waste
that is targeted for excavation (the 1.5-m [5-ft]-thick layer of sediment and soil directly below the
cribs and trenches). Surface samples are available for only the 1301-N Trench and the 1325-N
Crib. One surface sample data point was eliminated because it did not represent the average
contamination present in this layer (based on upstream concentration levels during N-Reactor
operations). However, it may represent a "hot spot," which would be further characterized and
dealt with during remedial design.

Only one borehole, 199-N-107A, was drilled through the layer of waste targeted for crib and
trench excavation with three samples taken in the zone of interest of this study. The other
boreholes from the LFI were not considered because the placement of these boreholes was
outside the cribs and trenches and did not represent the waste in the zone of interest. The
199-N-107A samples were taken starting at a depth of 0.3 m (1 ft) below crib soil surface to
1.5 m (5 ft) below.

Therefore, this study assumes that an average value of the 1301-N Trench surface sample results
represents the upper 0.3-m (1-ft) layer of contamination. This has been labeled as the
high-activity layer (average plutonium-239/240 from 1301-N Trench data used in study is
41,000 pCi/g). An average of the three sample results taken from the borehole represents the
next 1.2-m (4-ft) layer of contamination in all of the cribs and trenches. This has been labeled as
the low-activity layer (average plutonium-239/240 used is 1,900 pCi/g).

A typical contamination zone was developed using the available analytical data (as mentioned
above) and the following assumptions:

* The bottom width of the contaminated layer is the same as the width of the trench at the
operating water level.

- The depth of the contamination layer is 1.5 m (5 ft) from the bottom of the crib and trench
(except for 1301-N Crib; the bottom of the crib starts below the (9 ft) of boulders).
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The contamination extends from the bottom width upward at 1.5:1 slope and intersects

the horizontal line of the operating water level.

Figure 2-4 presents the typical cross section for the contamination layers used to calculate
contaminated volumes targeted for excavation. This typical section was applied to the 1301-N
and 1325-N Cribs and Trenches. Figure 2-4 also presents the average concentrations used for

each layer. Figures 2-5 and 2-6 show how the typical cross section is applied to the crib and
trench areas.

2.4.2 1301-N Crib

The 1301-N Crib will be excavated to a depth of 4.6 m (15 ft) below surrounding grade. The
surrounding grade is at an elevation of 138.68 m (455 ft) amsl; therefore, the bottom of the
excavation will be at 134.11 m (440 ft) amsl (Figure 2-7). The low-activity soil is in a layer from
134.11 to 135 m (440 to 444 ft) amsl, while the high-activity soil is in a layer from 135 to
135.7 m (444 to 445 ft) amsl. The layer of boulders on top of this varies in thickness, but was
assumed to be 2.7 m (9 ft) thick over the entire area of the crib. The lower 1.5-m (5-ft) layer of
boulders is assumed to have high-activity contamination, while the upper 1.2-m (4-ft)-thick layer
is assumed to have low-activity contamination.

2.4.3 1301-N Trench

The 1301-N Trench is a separate structure from the 1301-N Crib. The trench is a long, narrow
excavation with shallow, sloping sides (1.5:1.0). As shown in Figure 2-3, the surrounding grade
level in this area is approximately 138.68 m (455 ft) amsl. The low-activity contaminated soil
below the trench extends from 132.37 to 133.6 m (434 to 438 ft) amsl, while the high-activity
contaminated soil layer extends from 133.6 to 133.8 m (438 to 439 ft) amsl. Concrete panels
cover the trench at an elevation of 138.1 m (453 ft) amsl.

2.4.4 1325-N Crib

The 1325-N Crib will be excavated to a depth of 4.6 m (15 ft) below surrounding grade. The
surrounding grade is at an elevation of 137.5 m (451 ft) amsl; therefore, the bottom of the
excavation will be at 132.9 m (436 ft) amsl (Figure 2-8). The low-activity soil is in the layer
from 132.9 to 134.2 m (436 to 440 ft) amsl, while the high-activity soil is in the layer from 134.2
to 134.5 m (440 to 441 ft) amsl. The crib is covered with concrete panels at an elevation of
136.3 m (447 ft) amsl.

2.4.5 1325-N Trench

The 1325-N Trench is a long, narrow trench with shallow sloping sides (1.5:1.0). As shown in
Figure 2-8, surrounding grade level in this area is approximately 137.5 m (451 ft) amsl. The
low-activity contaminated soil below the trench extends from 131.7 to 132.9 m (432 to 436 ft)
amsl, while the high-activity contaminated soil layer extends from 132.9 to 133.2 m (436 to
437 ft) amsl. Concrete panels cover the trench at an elevation of 136.3 m (447 ft) amsl.
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Figure 2-1. 1301-N and 1325-N Crib/Trench Locations.
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Figure 2-2. Limited Field Investigation Borehole Locations for 1301 N and 1325 N.
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Figure 2-3. 1301-N Trench and 1325-N Crib Surface Sample Locations.
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3.0 CRITERIA FOR REMEDIATION OPTIONS EVALUATION

3.1 VALUE ENGINEERING METHODOLOGY

This study used value engineering techniques to support development of remediation options,
and, subsequently, select the most cost-effective option for remediation.

Two of the three major stages of a typical Value Engineering Study were used, as presented

below:

- Prestudy (Planning) Stage: The team members were briefed on the project,
expectations outline, and specific responsibilities to execute the study.

* Job Plan (Study) Stage: This stage consists of a five-phase study process.

1. Investigation Phase: The following tasks were performed:

a. Review and discuss information provided by the project and/or gathered
by team members during the prestudy stage

b. Identify major functions of the system and/or task and function
relationships (Figure 3-1)

c. Establish and/or estimate cost of each major function

d. Select specific functions for examination.

2. Speculative/Creative Phase: The team discussed and generated creative ideas to
achieve the required functions.

3. Evaluation/Analysis Phase: The study team evaluated all ideas and eliminated the
ideas/options that are not feasible and do not satisfy project requirements. The
remaining ideas/options will be ranked in the order of feasibility and life-cycle
cost.

4. Development/Planning Phase:- The study team developed the best remediation
options.

5. Presentation Phase: Appropriate documentation of the study results will be
prepared for presentation.

Implementation Stage: (Not part of this study, applies to design and remedial action
phase.)
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3.2 VALUE ENGINEERING CRITERIA

The team developed eight criteria to evaluate each option (Figure 3-2), with the first criterion

being a general evaluation of how well each option would satisfy all the criteria combined. All
the criteria, except the first, were compared using the Value Engineering-Paired Comparison
technique to determine a hierarchy. The dominant criterion was then assigned a relative value
from 1 to 4, with 1 being no preference and 4 being a major preference between the two criteria.
The resulting relative scores were totaled. The criteria were then ranked by their total relative
score. These relative scores determine the weighting of each criteria to evaluate the options.

Each option was ranked against each criterion. The ranking for each option was summed to
determine a total score. The results are provided in Figure 3-3. The alternatives that achieved a
ranking better than 327 (calculated by assigning a "Good" rating in each category) were carried
forward for calculating life-cycle costs.
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Figure 3-2. Criteria Weighting Process.
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Figure 3-3. Matrix Weighting of Alternatives.
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4.0 REMEDIATION OPTIONS

4.1 REMEDIATION ISSUES

The remediation options presented in the following subsections were developed by
Environmental Restoration Contractor staff from the Engineering, Field Support, Radiological
Engineering, Sample/Data Management, Transportation, and Waste Disposal organizations. The

project team examined issues related to excavation, transportation and disposal, and how these

systems can support remediation of the cribs and trenches. Issues evaluated included personnel
safety, airborne contamination, site access, radiation exposure (dose), handling of concrete
panels, debris, and contaminated boulders. Based on the project team's evaluation, the following
two issues had the most impact on the development of the remediation options:

- High radiation exposure during remediation
* ERDF operational constraints.

Five remediation options were developed consistent with the remove and dispose remedial
alternatives presented in the draft proposed plan for the cribs/trenches.

4.2 HIGH RADIATION EXPOSURE

Cobalt-60 and cesium-137 provide high-energy gamma radiation that could contribute significant
dose to workers. Therefore, a common denominator for all issues related to removal, excavation,
transportation, and disposal was the management of the dose to workers during each operation.
Dose is managed by applying three factors: time, distance, and shielding. Examples of applying
these factors during the development of remediation options are as follows: (1) providing
shielded areas where workers can minimize their exposure to radiation, (2) selecting equipment
with longer booms to increase distance between workers and contamination, (3) using cranes to
handle high-activity packages to provide more distance, (4) placing a layer of soil on the top of
contamination area to provide a working surface for equipment and shielding for workers, and
(5) using shielding on excavators, forklifts, and trucks.

4.3 ERDF OPERATIONAL CONSTRAINTS

The study team determined that allowable airborne concentrations would be a limiting operating
factor for disposing 1301-N and 1325-N Crib and Trench waste at ERDF. Therefore, an
alpha-emitting airborne concentration limit was calculated based on plutonium-239/240. It was
assumed that ERDF would receive waste from other areas during remediation of the 1301-N and
1325-N Cribs and Trenches. The volumes of waste material from these other areas were
assumed to be two-thirds of the total receipts at ERDF, with the remaining one-third coming
from 1301-N and 1325-N Crib and Trench remediation.
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The worst-case operation scenario at ERDF would involve 600 pg/m3 of dust in the worker's
breathing zone for 500 hr/yr. At this dust level a concentration of 270 pCi/g of
plutonium-239/240 will result in an airborne level that is 9% of a derived airborne concentration
(DAC) and deliver 100 mrem/yr to the worker. Studies have shown that standard construction
work can produce dust loading of this magnitude. Therefore, the 270 pCi/g limit was used for
existing ERDF operations that are similar to standard construction operations.

Another option for ERDF operations was developed by raising the plutonium soil concentration
limit, which could be accomplished by increasing operational requirements at ERDF.
Operational controls that would be required to raise the limit could consist of increased dust
control measures, strategic placement of waste at ERDF and workers handling this material,
increased coordination of all other waste delivered to ERDF, increased monitoring of dust
loading, and containerization of high-activity material. Therefore, 2,000 pCi/g
(plutonium-239/240) was calculated as an upper bound limit based on failures of airborne control
requirements creating conditions that exceed posting and respiratory protection requirements.
Limits higher than 2,000 pCi/g (plutonium-239/240) would require ERDF personnel to wear
respiratory protection while disposing waste. However, it is desirable to avoid using respiratory
protection based on industrial health and safety consideration involving heat stress, vision
impairment, communication impairment, and reduced worker efficiency. In addition,
10 CFR 835, sec. 835.1002(c), states "Regarding the control of airborne radioactive material, the
design objective shall be, under normal conditions, to avoid releases to the workplace
atmosphere and in any situation, to control the inhalation of such material by workers to levels
that are ALARA; ..."

The 2,000 pCi/g (plutonium-239/240) limit is based on dust loading measurements. Dust loading
measurements at ERDF require maintaining dust levels below the upper limit of 100 pg/m3 with
an average loading of 50 gg/m3 to workers. In these conditions, 2,000 pCi/g of alpha-emitting
isotopes could safely be handled without exceeding target airborne concentrations during normal
operating conditions. This is an acceptable value since a severe failure (dust loading of up to
1,000 pg/m3) in engineering controls will result in an airborne concentration just at 1 DAC. As a
result, respiratory protection will not be required for ERDF personnel.

4.4 REMEDIATION OPTIONS

Remediation options were developed by engineering, field support, radiological, and sampling
management staff. The options presented in the following sections are all supported by the same
excavation, concrete/debris, and cobble/boulder removal methods. Sections 4.4.1 through 4.4.3
describe these methods.

4.4.1 Excavation

Excavation would be accomplished by using a trackhoe excavator equipped with an extended
reach boom. Side slope benching along the trench shall be performed, as necessary, to position
the trackhoe, establish a laydown area, and permit transportation of packaged material (B-25
boxes or roll-on/roll-off containers). The trackhoe operator would start excavation at the side of
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the trench and/or crib and remove material from the bottom and side slope. When the reach of

the boom is exceeded, soil cover will be placed on top of the exposed surfaces to reduce dose

exposure and provide a surface for the excavator to relocate to continue removing material.

Excavated material will be placed and packaged in either ERDF roll-on/roll-off containers or

B-25 boxes. These containers will be staged for transport to ERDF.

4.4.2 Removal of Concrete Panel and Debris

Concrete panels, structural supports, and large debris will be rigged for crane removal and
monitored for contamination. Removal of concrete panels and supports will be consistent with
the excavation, limiting the amount of trench exposed unprotected. Material not directly in
contact with the soils of the trench will be surveyed and decontaminated, as required (reasonable
determination made in the field), and clean material will be staged for alternate disposal.
Contaminated material will be sized in accordance with ERDF bulk waste supplemental criteria
and transported to ERDF for disposal. Smaller concrete material and debris in contact with the
soils or requiring significant decontamination efforts will be removed by the excavator and
placed in the appropriate package or container for disposal at ERDF.

4.4.3 Cobble and Boulder Removal

Cobble and boulder layers comprise the upper most region of the 1301-N Crib area to be
remediated. The cobble layer is considered low level and will be excavated into roll-on/roll-off
containers and transported to ERDF. During the excavation of the cobble, a layer of cobble will
remain to provide shielding while removing the high-activity material (boulders and soil beneath
the boulders). High-activity material will be packaged directly into containers (B-25 boxes)
without blending or will be proportionally blended with low-level soil into roll-on/roll-off
containers.

4.4.4 Option 1: Mix High- and Low-Activity Material to Meet 270 pCi/g Soil
Concentration Limit

This option consists of mixing the higher and lower activity material to meet the soil
concentration limit of 270 pCi/g (plutonium-239/240). This mixing will reduce soil
concentrations to address airborne contamination dose to workers. It is assumed that lower
activity material from other sites and onsite materials from crib/trench excavation operations will
be used for mixing to meet this limit. Mixing operations will consist of excavating and placing a
predetermined amount of higher activity crib/trench soil in a standard transport container (RCI
container) and subsequently placing a predetermined amount of lower activity stockpiled soil in
the container. Once the container is filled, it will be transported to ERDF for free dumping.
Excavation operations for this option will require the placement of clean and/or lower activity
soil on the crib/trench surface soils for shielding during excavation. Figure 4-1 presents this
option. However, this option was not carried forward, based on the Value Engineering Study
results presented in Section 3.0.
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4.4.5 Option 2: Increase Soil Concentration Limit to 2,000 pCi/g

This option introduces operational controls for airborne contamination at ERDF so that ERDF

soil concentration limits can be increased to 2,000 pCi/g for plutonium-239/240. The same

mixing and shielding operations will apply from Option 1; however, the increased limit will

lessen the amount of mixing that will be required. Figure 4-1 presents this option.

4.4.6 Option 3: Containerize (Package) the High-Activity Material and Mix Low-Activity
Material to Meet 2,000 pCi/g Limit

This option packages the higher activity material in B-25 boxes for shipment to ERDF. The
excavation approach will be the same as Option 2. Containing the high-activity waste in B-25
boxes eliminates the potential for airborne contamination; however, dose considerations will
need to be managed. The lower activity material will be mixed to achieve a volume that will
decrease the potential for airborne contamination and will be placed in existing ERDF containers
(RCI containers). The handling process will also reduce the gamma dose rates produced by the
waste. The approach to excavation and shielding will be the same as Option 1. Figure 4-2
presents this option.

4.4.7 Option 4: Containerize (Package) the High-Activity Material for Shipment to
Waste Management and Mix Low-Activity Material to Meet 2,000 pCi/g Soil
Concentration Limit

This option is the same as Option 3, except that the high-activity waste contained in the B-25
boxes will be shipped to Waste Management while the lower activity material will be shielded,
excavated, mixed, and shipped to ERDF. Figure 4-2 presents this option.

4.4.8 Option 5: Containerize (Package) All Material

This option will contain all waste in B-25 boxes (both high and low activity waste) for shipment
to ERDF. Figure 4-3 presents this option.

4.5 CONTAMINATED SOIL VOLUMES FOR REMEDIAL ACTION

Table 4-1 presents the results of the volume of contaminated soils from the 1301-N and 1325-N
Cribs and Trenches. These volumes were calculated based on the conceptual model descriptions
of the cribs and trenches presented in Section 2.0. Appendix B presents the calculation package
that was used to generate Table 4-1. Table 4-2 presents the volume of contaminated soils that
will be generated through mixing and containerizing waste for each remediation option. Each
option in this table also provides the mixing ratio used to generate volumes.
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Table 4-1. Volume of Waste for Disposal.

Volume in Cubic Yards

Waste Description 1301-N 1301-N 1325-N 1325-N Total
Crib Trench Crib Trench

High-Activity Waste 1,343 1,672 2,222 1,253 6,490

Low-Activity Waste 5,370 15,683 8,889 9,511 39,453

Total 6,713 17,355 11,111 10,764 45,453

Table 4-2. Final Mixed VoueoahWse Type to Meet Operationa Lmt.

Note: The values listed in Table 3-2 are approximate, based on rounding off from spreadsheet values.

4-8

Volume in Cubic Yards

Option Description Waste Description 1301-N 1301-N 1325-N 1325-N
C CTotal

Option 1: High-Activity 252,662 314,688 418,200 235,182 1,221,362
Current ERDF Operational Waste (188.2: 1)
Limit of 270 pCi/g Low-Activity Waste 46,568 135,990 77,078 82,471 342,107
(plutonium-239/240) (8.7:1)

Total 299,230 450,678 495,278 318,284 1,563,469

Option 2: High-Activity 34,109 42,483 56,457 31,835 164,884
Increased ERDF Operational Waste (25.4:1)
Limit of 2,000 pCi/g Low-Activity Waste 7,544 22,030 12,487 13,360 55,421
(plutonium-239/240) (1.2:1)

Total 41,653 64,513 68,944 45,195 220,305

Options 3 and 4: High-Activity 1,343 1,672 2,222 1,253 6,490
Containerize High-Activity Waste I I
Material for Shipment Low-Activity Waste 7,544 22,030 12,487 13,360 55,421

(1.2:1)

Total 8,887 23.702 14.709 14.613 61,911
Option 5
Containerize High- and
Low-Activity Material Total 45,943
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5.0 ENGINEERING STUDY COST ESTIMATE AND DOSE EVALUATION

5.1 DESCRIPTION OF OPTIONS FOR DOSE EVALUATION

The following descriptions for dose evaluation applied standard time, distance, and shielding
approaches for management of radiation dose to workers.

General assumptions and basic descriptions of activities listed in Appendix H of the CMS
(DOE-RL 1996b) are valid for the mixing options. These basic assumptions are as follows:

- The exposure estimate can be obtained using MICRO SHIELD Version 4.2.

- Correction factors for dose called "build-up factors" were not used in the above model.

* The highest soil concentrations are found in the 1301-N Crib and Trench.

- The lower contaminated soils can be placed in the same container as highly contaminated
soils to provide shielding.

- Previous sampling data provides adequate information to construct a conservative dose
model of the cribs.

- No allowance was made for decay of radioactive materials during the remediation project.

Appendix C presents the dose calculation packages for the following options.

5.1.1 Option 1

Based on this option's failure to compare well to the criteria developed in Section 3.0, this option
was not carried through for dose and cost evaluation.

5.1.2 Option 2

5.1.2.1 Excavation. The excavation operator uses equipment with a long boom so that he is
rarely within 10 m (30.5 ft) of the excavation bucket or container.

The excavation operator is exposed to the unshielded soil for 3.25 hr/d at a distance of 10 m
(30.5 ft), regardless of the materials that are being handled. Shielding will be added to the cab to
ensure that the operator can spend standby time in an area that is less than 0.5 mrem/hr when not
actively excavating.

High-activity boulders will be removed and placed in B-25 boxes. A forklift operator will be
required to move the B-25 boxes. Based on the shielding and exposure assumptions, the average
dose rate for the forklift was calculated to be 3.5 mrem/hr. Half of the work day will be spent

5-1



BHI-01092
Draft A

handling empty containers and the other half handling full containers. The operator will be
exposed to full containers for 3 hr/d.

The remaining soil will be placed in standard containers and mixed with less contaminated soil.
Approximately 0.7 m3 (0.9 yd 3) of highly contaminated soil will be placed in each container; the
container will then be moved to a stockpile of low, contaminated soil where it is filled.

The excavation container handler is exposed to 0.7 m3 (0.9 yd 3) of highly contaminated soil
placed in the container for about 5 minutes between the excavation at the crib/trench and the
stockpile. This soil is at least 3 m (9.15 ft) away from the driver. After the soil is added at the
stockpile, the doses to the driver are near background levels.

The operator who fills the remainder of the container with less contaminated soil works in an
area that is near natural background. This operator is never within 10 m (30.5 ft) of the
unshielded soil. It takes 1 minute to place enough soil to lower the operator's exposure to near
background levels. The exposure time is for 40 minutes a day.

Soil below the highly contaminated layer will be mixed with low contaminated soils immediately
adjacent to them and shipped to ERDF in standard shipping containers. Soil exposure will be
low. It is assumed that mixing to reach target plutonium concentrations will cause a
corresponding decrease in the gamna-emitting isotope concentrations.

While the container is empty, the exposure is at background levels. There are two drivers; each
driver is exposed to loads of contaminated soils for 3 hr/d.

5.1.2.2 Packaging. The B-25 boxes will be capped using a grout pump and boom so workers are
not exposed during the capping process. This consolidates the void fill and capping operation
while minimizing worker exposures.

The B-25 boxes are then placed on a truck by the forklift operator, surveyed, and shipped directly
to ERDF. It is assumed that enough shielding will be in place such that the average dose rate is
3.5 mrem/hr for the driver. Doses for radiological control technicians (RCT) are accounted for as
dose received during coverage of excavation work. Long poles and extended probes will be used
in conjunction with shadow shielding to ensure RCTs are not exposed to more than 2 mrem/hr on
average.

For the containers with mixed soil, survey and tarping techniques are identical to those currently
used at other remediation sites. Exposure to RCTs who perform surveys, and laborers who seal
the plastic liner and place tarps on the container will be similar as well.

5.1.2.3 Transportation. The B-25 boxes full of boulders are shipped directly to ERDF on
shielded trucks. Exposure to the driver will be less than 3.5 mrem/hr. The driver will be
exposed to full containers for 3 hr/d. Four drivers will support this operation.

Soils from the mixing process will be placed such that exposures to drivers will be very near
exposures currently observed at other low-level sites. The unshielded doses to the drivers will
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average less than 0.5 mrem/hr. Drivers will be exposed to full containers for 4 hr/d. Four drivers

will support this operation.

5.1.2.4 Disposal. The B-25 boxes full of boulders will be off-loaded directly into the ERDF
waste with a crane. Rigging will be designed to minimize worker exposures during the off-load.
It is assumed the workers will not be within 0.9 m (3 ft) of each box for more than 1 minute. The
crane operator is always at least 9 m (27.5 ft) from the boxes. It is possible to off-load 100 boxes
a day.

The highly contaminated soil is mixed to provide less than 7% of the total soil in each container.
The less contaminated soil is mixed to comprise about 50% of each container. The containers
from the 1301-N and 1325-N Crib and Trench remediation comprise one-third of the containers
being handled at ERDF. Only a minor increase in exposures at ERDF will occur as a result of
this option. This increase can be mitigated with some of the same operational controls that will
be implemented to minimize the potential to generate airborne contamination. It is assumed that
worker exposures are about 0.5 mrem/hr for 500 hr/yr as a result of this operation.

5.1.3 Option 3

5.1.3.1 Excavation. The need for offsite soils in the mixing operation is not required, and
forklift operations are extended to include packaging the most highly contaminated layer of soil,
as well as the boulders in B-25 boxes. This eliminates the need for a second trackhoe operator
and consolidates both the site container and transportation drivers' roles for the most highly
contaminated soils. Shielding is placed for the trackhoe operator and the driver, as discussed
above.

The remaining soils are mixed with surrounding lower, contaminated soil and handled in
standard shipping containers same fashion as described in Option 2 for soils that are mixed. All
conditions are the same as those for the mixed soils in Option 2.

5.1.3.2 Packaging. The B-25 boxes are handled the same as in Option 2. The standard ERDF
containers are filled and handled the same as the containers filled with soils from below the most
highly contaminated layer in Option 2.

5.1.3.3 Transportation. Shielding is applied to all trucks that carry B-25 boxes. It is estimated
that 50 boxes from 1301 N will also be placed at least 8 m (24.4 ft) from the driver's cab to
ensure that dose rates in the cab are managed.

5.1.3.4 Disposal. The B-25 boxes and standard containers are handled as described in Option 2.
Doses are higher because there is no shielding in the B-25 boxes. Overall exposure is lower
because the duration of the task is shorter.

5.1.4 Option 4

The factors used for Option 3 for dose evaluation are the same for this option.
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5.1.5 Option 5

All waste will be placed in B-25 boxes and sent to ERDF.

Dose rates calculated assume all boxes are filled at the average contamination level. Shielding
will be used to maintain doses to less than 3.3 mrem/hr for drivers and workers in close
proximity to the boxes.

The handling of B-25 boxes through all stages of the operation is the same as described in
Option 2. Figure 5-1 represents results of dose evaluation for each remediation option.

5.2 DESCRIPTION OF OPTIONS FOR COST ESTIMATING

5.2.1 Cost Estimate Basis

The cost estimates presented reflect experience gained from ongoing remedial actions in the 100
and 300 Areas. In addition, where cost data were not available, best commercial practice was
applied to further develop the cost estimate for each option. The cost for concrete and boulder
removal will be the same for all options.

Table 5-1 summarizes each option for excavation, packaging, transportation, and disposal that
was the basis for the cost estimate for each option. In addition, Appendix D presents the details
included in each cost estimate for the remediation options. Costs not included for remedial
action are pipeline removal and revegetation. Figure 5-2 presents the results of the cost estimate
for each option.
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Figure 5-2. Results of Cost Estimate for Each Remediation Option.
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Table 5-1. Remediation 0 otion Summary.

Excavation Packaging Transportation Disposal

Option 1 Blend to meet * RCI containers * RCI trucks * Existing ERDF
ERDF limits operations
(high-activity zone
190.0:1.0/
low-activity zone
5.0:1.0)

Option 2 * Blend to meet - RCI containers * RCI trucks * Modified ERDF
ERDF modified operations
limits (modified free
(high-activity zone dump operation)
21.0:1.0/
low-activity zone
1.2:1.0)

Option 3 - Excavate and - B-25 boxes for - Flatbed for high * Modified ERDF
package high activity activity in B-25 operations (special
high-activity zone boxes handling for B-25

containers, use
- Blend low-activity * RCI containers for - RCI trucks for low modified free

zone 1.2:1.0 low activity activity dump operation for
low activity)

Option 4 * Excavate and - B-25 containers . Flatbed for high - B-25 containers to
package for high activity activity in B-25 waste management
high-activity zone (RUST criteria) boxes

- Blend low-activity . RCI containers for - RCI trucks for low - Use modified
zone 1.2:1.0 low activity activity ERDF operation

for low activity

Option 5 - Excavate and - B-25 containers 0 Flatbed for all * Send to ERDF for
package high- and for all material materials disposal
low-activity zone
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6.0 DESIGN/REMEDIAL ACTION ISSUES

During development of this study, the following issues surfaced, and although assumptions were
made to continue with the study objectives, these issues were identified and require further
investigation during the design phase.

- Transuranic Waste. The LFI results identified three areas in the 1301-N Trench and the
1325-N Crib as "hot spots" that have high levels of plutonium. Additional data are
needed to address these hot spots to determine the presence of transuranic waste.

- Contaminated Materials. Confirmation of contamination types, extent, total volume of
contaminated steel piping, and other structural materials associated with the cribs and
trenches must be addressed during remedial design. Data were not available for any
concrete or piping. However, based on available data within the crib/trench, assumptions
were made for the level and extent of contamination for the concrete material for all of
the 1301-N Crib, 1301-N Trench, 1325-N Crib, and one leg of the 1325-N Trench. The
last three legs of the 1325-N Trench are believed to be clean based on operational data.
Additional data on the concrete materials may provide a more accurate assessment of
what will need to be sent to ERDF and what volume can be free released for other uses.

- Contamination Levels. This engineering study was based on data from the LFI. The
projected contaminated volumes that would be generated during remediation were based
on a limited amount of data consisting of surface samples of indeterminant quality and
data from one borehole through the most contaminated area. Additional data are needed
to confirm waste distribution and level of contamination in the zones to be excavated.

- Container Requirements. Safety analysis work will need to be performed to support the
use of existing ERDF containers and for the use of B-25 boxes. Evaluation may need to
be performed during the design to determine optimum use of existing containers or other
containers that can support the remediation.

* Dust Control. Dust control measures and monitoring impacts to meet the 2,000 pCi/g
(plutonium-239/240) soil concentration limit will need to be fully developed and
specifically identified in the design and presented in the subcontract.

- Subcontract Requirements for Radiological Controls. Address how specific
radiological requirements will be addressed in the subcontract (i.e., three shifts to support
high-activity material during remediation).

- ERDF Operations. ERDF operational requirements to coordinate and schedule the
processing of the containers of highly contaminated material from the cribs and trenches
should be addressed during the planning and design phase for this remediation.
Additional controls for the increased radiological limits must also be fully developed and
specified.
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7.0 ENGINEERING STUDY CONCLUSIONS

The following conclusions were derived based on the results of this engineering study:

Preferred Option. Option 3 is the preferred remediation option for the 1301-N and

1325-N Cribs and Trenches. Option 3 is selected based on cost and total dose to workers.

This option is comprised of packaging the high-activity material in B-25 boxes for

shipment to ERDF for disposal. The lower activity material will be shielded with

overburden and other contaminated soils encountered during excavation operations. Soil

used for shielding will be blended with the lower activity soil to meet a 1.2:1.0 ratio to

meet the ERDF soil concentration limit of 2,000 pCi/g (plutonium-239/240).

- Implementability. Based on the available data from the LFI, draft CMS, cost estimate,
and dose evaluation, this study concluded that the selected option is implementable.

* Impacts to ERDF. Existing ERDF operations data confirmed that it would be possible
to operate ERDF with a requirement to maintain dust loads of less than 50 ptg/cm2 . This
requirement would permit the use of a limit of 2,000 pCi/g, as used in the study.

* Higher Cost for Remediation. Higher remediation costs were calculated than presented
in the draft CMS. These higher costs were based on increased focus on ERDF
requirements. Based on these requirements and increased volumes for mixing, the use of
containers (B-25 boxes) was identified, which increased the estimated cost by
approximately $15 million.

- Impacts of Delaying Remediation to Allow for Additional Radioactive Decay. The
majority of worker exposure will result from gamma radiation emitted by cobalt-60 and
cesium-137. By the year 2001, cesium-137 will be the dominant gamma emitter.
Because cesium- 137 has a half-life of about 30 years, delaying the work near term will
only have a minimal impact on exposure rates. The exposure rates relate directly to the
amount of overburden used as shielding, which affects waste volumes and costs.
Therefore, the study did not identify significant cost benefits to any option that would
result from permitting additional radioactive decay of the waste to occur near term.
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Table A-1. Radionuclide Concentrations Detected in 1301-N Trench Sediment from 1980

to 1985 from Locations TS-01 to TS-09 Decayed to January 1, 2001. (Page 1 of 2)

Location: TS-l TS-02 TS-03 TS-04 TS-5 TSI-O TS-07 TS-O8 TS-09

Units: i pC/ PCi/ pCi pC/g pCi/g pCi/g pci/ pCi/g

Collection Date 1980

Grosalpha NA NA NA NA NA NA NA NA NA

Grossbeta NA NA NA NA NA NA NA NA NA

Cei-I144 0.0831 0.0310 0.0083 0.0060 0.0039 0.0065 0.0031 ND 0.0025
CSiwn-1

3 4 NA NA NA NA 36 NA NA NA NA

Ceaium-137 166,669 129,631 74,075 135,804 160,496 129,631 148,150 383,894 216,052

Cobalt-5I 0 NA NA NA NA NA NA NA NA

Cobalt-60 821,354 555,994 530,721 322,224 195,861 353,814 107,408 480,176 271,679

Europium-154 NA NA NA NA NA NA NA NA NA

Iro-59 NA 0 NA NA NA NA NA NA NA

M8.nmnese-
54 0.180 0.115 0.057 0.041 0.025 0.045 0.014 0.018 0.029

Niobium-95 0 0 0 0 0 0 0 ND 0

Plutonium-238 NA NA NA NA NA NA NA NA NA
Plutcnium-239/2

4
0 NA NA NA NA NA NA NA NA NA

Ruthenium-103 NA 0 NA NA NA NA NA NA NA

Ruthaniwm-106 NA NA NA NA NA NA NA
Strostium-90 NA NA NA NA NA NA NA NA NA

Zirconi.m-95 0 0 NA NA NA NA NA NA NA
Collection Dale: 1981

Grossalpha NA NA NA NA NA NA NA NA NA
Grosbeta NA NA NA NA NA NA NA NA NA
Cirn-I4 0 0 NR 0 0 0 0 0 0
Csis-134 NA NA NA NA NA NA NA NA NA
Casium-13 7  120,016 120,016 334,782 208,449 309,516 360,049 334,782 277,932 49n,698

Cobalt-59 NA NA NA NA NA NA NA NA NA
Cobalt-6O 475,727 454,103 1,369,517 432,479 317,151 1,225,357 641,510 389,231 598,263
Europium-154 NA NA NA NA NA NA NA NA NA
Ion-59 NA NA NA NA NA NA NA NA NA

Mangane.
54 0.1198 0.1014 0.1567 0.0903 0.0359 0.1198 0.0830 0.0691 0.0913

Niobium-95 0 0 NA NA NA NA NA NA NA
Plutonium-2 38 4,697 1,281 5,295 1437 666 4,184 5,380 1,025 3,416
Plulonium-239/240 25,945 9,181 24,947 11,975 5,418 24,947 29,937 6,586 19,95
Rnnhanium-103 NA NA NA NA NA NA NA NA NA
Ruthanim-06 NA NA NA NA NA NA NA NA
Srontium-90 105,062 475,86 67,981 22,248 12,978 59,329 67,98 15,450 27,810
Zirconium-95 NA NA NA NA NA NA NA NA NA

Collection Dwt: 1982

Grosalpha NA NA NA NA NA NA NA NA NA
Grosabeta NA NA NA NA NA NA NA NA NA
C.rium-1 44 NA 0.0943 NA NA NA NA NA NA 0.054
Cesiu-134 NA NA NA NA NA NA NA NA NA

CniumI137 607,552 316,702 607,552 342,556 349,019 323,166 646,332 297,313 361,946
Cobalt-5 NA NA NA NA NA NA NA NA NA
Cobalt-60 1,7264,248 2,219,462 2,794,178 526,095 542,535 l,33,035 1,150,8W2 369,910 353,410
Eropium-154 NA NA NA NA NA NA NA NA NA

on-59 NA NA NA NA NA NA NA NA NA
Mgsnese-54 0.1470 03935 0.1781 00953 0.0953 0.0973 0.1015 0,0559 ND
Niobium-95 NA NA NA NA NA NA NA NA NA
Plwonium-23 1 4,734 12,050 24,961 438,974 103,288 8,005 3271 8,177 947
Plutonium-239/240 27,944 62,874 169,660 2,794394 658,679 43,912 16,966 15,968 12,974
Ruthuniwm-103 NA NA NA NA NA NA NA NA NA
Ruthnim-106 NA NA NA NA NA NA NA NA NA
Ston6um-90 69,636 158,263 202,76 94,958 69,636 145,602 52,543 44,314 94,958
Zirconin-95 NA NA NA NA NA NA NA NA NA
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Table A-1. Radionuclide Concentrations Detected in 1301-N Trench Sediment from 1980
to 1985 from Locations TS-01 to TS-09 Decayed to January 1, 2001. (Page 2 of 2)

Location: TS-Cl TS-02 TS-03 TS-04 TS-05 TS-06 TS-07 TS-08 TS-09

Units: pci/ PIC/ Ci i pCi/ pCi/g pCi/ pCi/ 8  PCi4

Collecton Date: 1983
Cr p NA NA NA NA NA NA NA NA NA

rosbeta NA NA NA NA NA NA NA NA NA

Cerim-l44 NA NA NA 0.0415 NA NA NA NA NA

Cesia.134 ND ND ND ND 67 ND 88 67 NA

Cesiurm-137 54,891,147 363,737 383,577 251,309 476,164 628,272 529,071 264,536 257,922

Cobalt58 NA NA NA NA NA NA NA NA NA

Cobalt-60 2,062,419 1,499,941 2,343,658 749,971 437,481 1,499,941 562,478 374,985 374,985

Eorpium-154 31,498 ND ND 13,084 19,383 41,190 ND ND ND

Imon-59 NA NA NA NA NA NA NA NA NA

Manwne-5
4  0.284 0.191 0.288 0.437 0.060 0.140 0.065 0.079 0.102

Niobium-95 NA NA NA 0 NA NA NA NA NA

Plutonium-238 2,082 2,603 1,562 2,301 486 1,735 954 720 798

Pl'onium-239/24O 11,977 12,975 9,981 7,486 2,994 9,781 6,188 4,591 4,292

Rueium.l03 NA NA NA NA NA NA NA NA NA

Ruthenium-106 NA NA NA NA NA NA NA NA NA

Strontium-90 29,829 29,829 18,805 16,860 8,430 29,829 17,508 8,430 5,642

Zirconium-95 NA NA NA NA NA NA NA NA NA

Collection Daze: 1984
Grossalpha NA NA NA NA NA NA NA NA NA

Grosabeta NA NA NA NA NA NA NA NA NA

Ceriu-144 NA NA NA NA NA NA 0 NA NA

Cesi..134 NA NA NA NA NA NA NA NA NA

Cesium-137 2,097,755 649,627 554,890 507,521 879,704 $07,521 663,161 493,987 879,704
Cobalt.58 NA NA NA NA NA NA NA NA NA

Coal-60 5,666,310 2,352,053 3,421,168 1,710,5*4 887,365 2,458,965 1,710,584 1,710,54 1,603,673

Europiur-154 NA NA NA NA 39,320 NA NA NA NA

lron-59 NA NA NA NA NA NA NA NA NA

MapnWae-54 0.826 U 0.491 0.544 2.359 0.199 U 0.366 3.345 0.784 1.150
Niobium-95 NA NA NA NA NA NA NA NA NA

Pluonian-238 NA NA NA NA NA NA NA NA NA

Pltonium-2
39

/
240  NA NA NA NA NA NA NA NA NA

Rwthenim.-103 NA NA NA NA NA NA NA NA NA

Ruitheniu-106 NA NA NA NA NA NA NA NA NA

Stontliu-90 NA NA NA NA NA NA NA NA NA

Zirconiu.-95 NA NA NA NA NA NA NA NA NA

Collection Date: 1915

Cross alpha 35,000 28,000 52,000 38,000 34,000 42,000 19,00 18,000 28,000

Gross bet 1,900,000 19,000,000 13,000,000 6,500,000 5,000,000 10,000,000 6,000,000 2,00,000 2,300,000

Ceriwm.44 0.0565 U 00435 U 0.0546 U 0.0552 U 0.0448 U 0.0513 U 0.0325 0.0071 U 0.0409 U

Cesium-134 NA NA NA NA NA NA NA NA NA

Cium.137 20,081 18,004 25,621 19,389 38,085 47,087 38,777 15,234 17,311

Cobalt-Sg NA NA NA NA NA NA NA NA NA
Cobalt-60 158,560 134,166 195,151 146,363 115,871 134,166 158,560 31,712 78,060

E.ropiu..154 NA NA NA NA NA NA NA NA NA

IMn-59 NA NA NA NA NA NA NA NA NA

Manganese-54 0.1271 0.0400 0.0541 U 0.2353 0.1318 0.0424 U 0.3530 0.0659 0.0941

iobiun-95 NA NA NA NA NA NA NA NA NA
Plutonium.-238 4,054 2,556 4,495 3,525 3,437 3,702 2,027 1,5*6 2,997
Plutonium-239/240 25,956 15,973 26,954 22,961 20,965 23,960 13,9 6 10,981 19,966

Ruteiml103 NA NA NA NA NA NA NA NA NA
RuthMium.-06 NA NA NA NA NA NA NA NA NA
Smronuium-90 63,282 . 52,395 142,895 74,850 129,286 81,654 81,654 47,632 74,850
Zirconiu.95 NA NA NA NA NA NA NA NA NA

U - Concenraion was undetected at specified detection level
NA - Not analyzed
ND - Not detected; no detection limit given

NR - Not reported
Trench sediment sampies collected by atrching ajar to a pole and
usiog this device as a eccop. The top six inches of tench sediments

were sampled trough standing water.

References:
UNI-I581 - Radiological Surveillance Report for the tIo-N Area-FY 1980
UNI1849 I UNC Environmental Surveillance Report for I00 Areat-FY 1981
UNI-2226 - UNC Environmental Surveillance Report for I W Areas-FY 1982

UNI-2640 - UNC Environmenal Surveillance Report for ICW Areas-FY 1983

UNI.3069 - UNC Environmental Surveillance Report for ICW Areas-FY 1984

UNI-3760 - UNC Environmental Surveillance Report for ICW Areas-FY 1985
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Location: CS-al CS-02 CS-03 CS-04 CS-05 1 CS-06 CS-07 CS-08 CS-09 CS-10 CS-Il CS-12

Units: i/ Ig pCi/ pCil pCi pCi i pCig pCi/g pCi/g pCi/g pi/

Collection Date: 1985
Gross alpha 18,000 7,000 18,000 6,000 4,700 NR 44,000 26,000 18,000 12,000 9,700 6,100

Gross beta 2,300,000 3,100,000 1,600,000 830,000 400,000 NR 15,000,000 2,400,000 2,200,000 1,100,000 1,500,000 620,000

Cerium-144 0.078 0 0 0 0 NR 0 U 0 0 0 0 0
Cesium-137 28,391 4,815 4,815 3,440 1,278 NR 1,081 2,850 491 5,503 4,717 6,977

Cobalt-60 158,560 2.13 1.88 1.02 0.31 NR 2.73 2.90 0.24 0.89 1.36 0.99

Manganesc-54 0.64 0 0 0 0 NR 0 0 0 0 0 0
l'Iutonium-238 1,763 333 901 297 207 NR 2,253 3,875 811 158 496 239

Plutonium-239/40 11,980 4,947 12,862 4,254 2,770 NR 29,682 55,407 11,873 2,276 6,827 33,640

Strontium-90 59,880 2,288 7,832 2,376 1,320 NR 17,601 8,800 1,496 1,144 1,056 510

Collection Dale: 1986
Gross alpha NR NR NA NA NA NR NR NA NA NR NR NR

Gross beta NR NR NA NA NA NR NR NA NA NR NR NR

Cerium-144 1.218 0.000 0.000 0.000 0.000 NR NR 0 0 NR NR NR

Cesium-137 127,535 6,093 8,648 8,353 9,041 NIX NR 6,486 7,862 NR NR NR

Coball-0 1,265,793 0.887 3.923 4.264 1.057 NR NIX 2.899 4.775 NR NR NR

Mangancse-54 8.46 0 0 0 0 NR NR 0 0 NR, NR NR

Plulonium-238 NA NA NA NA NA NR NR NA NA NR NR NR

Plutonina-239/240 NA NA NA NA NA NR NR NA NA NR NR NR

Stroaniumn-90 6,343 343 440 440 299 NR NR NR 810 NR NR NR

Collection Date: 1987
Grossalpha NA NA NA NA NA NR NA NA NA NA NA NA

Grossbeta NA NA NA NA NA NR NA NA NA NA NA NA

Cerium-144 0.231 U 0.000 U 0.000 U 0.000 U 0.000 U NR 0.000 U 0.000 U 0.000 U 0.000 U 0.000 U 0.000 U

Cesitun-137 23,199 1,671 U 1,769 2,850 2,948 NR 4,717 1,474 1,671 2,064 1,278 1,278

Cobah-60 130,078 2.388 1.074 1.074 1.160 NR 2.217 1.876 1.398 0.239 1.433 2.047

Maaganesc-54 1.544 0 0 0 0 NR 0 0 0 0 0 0

Plulonium-238 985 3,019 113 631 586 NR 7,660 9,462 586 1,036 1,397 2,704

Plttoninm-239/240 5,192 48,481 2,583 9,795 8,410 NR 96,961 118,728 8,212 1,385 19,788 38,587

Strontium-90 9,996 3,520 519 378 880 NR 55,443 23,761 1180 1,232 2,552 3,080

U = Concentration was undetected at specified detection level
NR - Not reported
NA = Not analyzed

References: UNI-3760 = UNC Environmental Surveillance Report for ie 100 Areas - FY 1985
UNI-4065 = UNC Envirottental Surveillance Report for titelOg Areas- FY 1986
WIIC-EP-0161 = Westinglousc Hanford Co. Environiental Strveillance Annual Report-00 Arcas-FY 1987

Samples of surface sediment were collected fromts the bottom of the 1325-N Crib. Approximately 10 grains of sediment per sample were
collected through lie sample port located in the cover of the facility. Ilte samples were collected during operations through standing water
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Reference Docuument.: 222. 222-8 222-3 222-S 222-3 222-8 222-S 222-S 222-8 222-8 Quanterra

Location: 199-N-lOlA 199-N-A07A 199-N-107A 199-N- 107A 199-N- 107A 199-N-107A 199-N-107A 199-N- 107A 199-N- 107A 199-N-107A 199-N-107A

Sample ID. B0GGC3* IOGLF4 B0GLF5 BOGLF7 BOGLF6 DOGLF73 (Dup) B0GLF9 BOOLGO BOGLGI BOH]V6 B0GL88
Method:

Sample Collected: 8/25/95 1tt29/95 11/30/95 12/595 12/5/95 12/5/95 12//95 12/6/95 12/8/95 12/8/95 11/29195
Depth (feetbclowgroundsurace): N/A 9-11 11-13 23 28-30 28-30 40 50 57-59 69 9.0-11.0

Unib: P01/g pCi/k pCilg pCi/g pKI/g pCif9 pCiE 1"9/ pCi/ pCi/g PCi/
Gross itpha 13,900 941 38,200 2L52 U 2.18 U 3.39 U 1,44 U 0.968 U 1.96 U 2.77
Gross bela 385,000 63,700 69,600 4,310 2,810 2,490 1,68 149 124 123 128,000
Actiium-228 NR MR NR NR MR MR NR NR Ni MR MR

Americinm 241 17,152 849 1,121 NR NR .MR MR NR MR MR 1,101

Antimony-125 MR NR NR MR MR MR NR NR MR NR MR

Bismuth-214 NR NR NR NR MR MR MR NR MR MR MR

Cadlinmin-109 MR MR NR NR MR MR MR NR NR NR MR

Carbon 14 MR NR MR NR NR MR NR NR NR NR

Ceritnn-144 MR d.89 U 4.32 U 0.122 1 0.0708 U 0.0274 U 0.0128 U 0.0268 U 0.0269 U -1.40 U
Cesium 134 NR 17.7 U 15.9 U 0.475 0.0513 U 0.0410 U 00177 U 00138 U 00263 U 0.0294 U 5.63 U

Cesium 137 90,194 10,764 13,434 2,483 5.17 5.06 0.127 U MR 0,365 U 0.375 U 14,056

Clwominm 51 NR MR MR MR MR MR NR MR MR MR
Cobalt 60 27,840 54,772 67,594 12.3 99 2.69 0.616 0.403 0.591 0.364 71,153

Coball-58 MR NR NR MR NR MR MR NR NR MR -1.48E-06 U
Etropimen 152 MR NR MR MR MR NR MR NR MR MR 220 U

Europiun 154 7,740 690 918 0.656 U 0,373 U 0.380 U1 0.192 U 0.197 U 0.352 U 0.329 U 663

Europimo-155 1,950 174 149 2L73 U 0.989 U 0.910 U 0.352 U 0.163 U 0.346 U 0.343 U 182
Irons9 MR MR HR MR MR MR NR MR MR MR 0 U

Lead-214 MR MR MR MR NR MR MR MR MR NR

Manganese-54 MR 226 U 2.06 U 0.00931 U 0.00434 U 0,00423 U 0.00159 U 0.00172 U 0.00397 U 0.302 U 0.918 U
Ptonium-

2
38 MR 'MR MR MR MR MR MR MR MR NR 217

Pl'.ouim 239/240 12,693 NR 689 MR NR NR MR MR MR MR 1,589

Petaasium 40 MR 422 U 457 U 0.110 7.02 U 11.6 2.05 16.9 17.0 879

Radiun 226 NR 1,407 U 1,257 U 44.4 U 6.76 U 9.26 U 335 U 2,07 U 4.93 U 4.52 U

Radain-224DA MR MR MR MR NR MR MR NR MR MR

Radim-226DA NR MR MR MR MR MR MR NR MR MR 104 U
Radiurm-228 MR MR MR MR MR MR MR NR MR MR

Radium-228DA MR MR NR MR MR MR MR NR MR NR

Ruthenium106 MR U U U U U U U U U U

Rulheuisum-103 MR MR MR MR MR NR MR NR MR NR
Slroiti'm 90 81,140 - 2,875 11,148 1,035 1,372 1,195 956 166 55.9 48.3 8,457
Technetium 99 MR MR NR NR MR MR MR MR MR NR

Thoeim22H MR 823 U 726 U 23.9 851 U 7.91 3.13 U 1.39 U 3.24 U 2.87 U 5.54 U

Tionuin 232 MR MR MR MR NR NR MR MR MR MR 62.2 U

Tii-125 MR MR NR NR MR MR MR MR MR NR

Tritim NR MR NR MR MR NR NR MR MR NR

Uranium233/234 MR MR MR NR MR MR MR MR NR MR
Uranium 235 MR MR MR NR MR MR NR MR NR NR 0.677 U
Uraridun 238 MR MR MR NR MR MR NR NR MR MR -0.226 U

Utrmnitms-234 MR MR MR NR MR MR MR MR MR MR 10.5 U

/aic 65 MR MR MR NR MR MR MR NR MR MR

- Sample scraped from a large boulder.
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Reference Docmnent.: Quarv Quaaarn Quazttenu Quanterra Quanem 222-S 222-8 222-3 222-S 222-3 222-3

Localion: 199-N-107A 199-N-I 7A 199-N-107A 199-N- 107A 199-N-107A 199-N-108A 199-N-10A 199-N-108A. 199-N-108A 199-N-108A 199-14-10A

Sample ID: B1GL99 B0GL91 B0GL92 (Dup) B0GL93 B03GL94 (EB) B0GLD2 BOGLDS BOGLD3 BOGLD4 (Dup) B0GLD6 BGLD7
Method:

Sample Coflected: 11/30/95 12/5/95 12/5/95 12/8/95 12/8/95 11/9/95 11/9/95 11/10/95 11/10/95 11110/95 11/10/95
Depth (feet Ielow grionnd irface): 11.0-13.0 28-30 28.30 57-59 N/A 14.5-165 18 23-25 23-25 28 32.5

Units: pCi/g pCi/g pQ g pCi/ PCifg pCilg pCvg pCi/g pCig pcvg pCi/S
Grm alpha 2,530 7.43 6.43 U 6.61 3.62 U 1.4 51.1 1.33 U 1.45 U 1.31 U L38 U

Gross beta 131,900 4,490 5,120 293 2.88 2,280 17,600 2,690 2,770 435 228
Aelinimn-22R MR NR NR NR NR NR NR NR NR NR NR

Americm 241 1,041 NR NR NR NR NR NR NR NR NR NR

Animonmy-125 MR MR NR NR NR NR NR NR NR NR NR
Dismutfl-214 MR NR NR NR Ni NR Nt Nt Nt NR NR
Cadnmiu-109 NR NR NR NR NR NR Ni Nt Nt Nt NR
CarbonL4 Ni Nt NR Nt Nt Nt NR NiR MR NR NR

Cerium-144 0.677 U -0.0062 U 0.0011 U -0.0004 U -0.0011 U 0.682 U L09 U 0.225 U 0.159 U 0.123 U 0.0706 U
Cesiun 134 0.77 U -0.0013 U -4004 U -0.0032 U -G.GD3U 0.985 U 3.94 0.267 U 0.235 U 0.171 U 0.111 U
Cesium 137 11,121 2.19 5.35 0.0128 U 0.0103 U 2,043 13,949 96.0 75.4 21.4 1.19 U

Cl'MruiNU 51 NR MR NR NR MR NR NR NR NR NR MR
Cr1t 60 61,449 2.54 2.86 0.66 -0.00218 U 265 1,677 5.29 7.22 1.79 0.508 U

Col1-58 -1.24E-06 U 5.00E-10 U -1.0E-10 U 1.56E-10 -7.439B-10 U NR NiR N Nt NR NR
Europuan 152 55.3 U 0.0723 U -0.160 U 0.0263 U 0.0350 U NR NR Nt NR NR NR
Europium 154 541 0.104 v 0.0906 U 0.00892 U -0.00114 U 6,03 U 12.2 U 2.66 U 2.43 U 1,47 U 3.07 U
Europiuun-55 69.2 0.0303 U 0.0654 U 0.00655 U 0.0177 U 7.84 U 11.7 U 2.97 U 2.05 U 1.55 U 0.809 U
lmor 59 0 U 0.00 U 0.00 U 0.00 U 0.00000 U MR NR NiR N Nt NR
Lead-214 NR N Ni Nt Ni NR N NiR Ni NiR NR

Manpomes-54 0.313 U 0.00161 U 0.000770 U 0.000589 U -0.0001913 U 0.0781 U 0.147 U 0.0209 U 0.0152 U 0.0146 U 0.00916 U
Plutonimn - 230 447 -0.00121 U 0.00791 U 0.00326 U -0.0007898 U NR 10.8 NR NiR NiR NR

Plutonium239/240 3,333 0.02299 U 0.A708 -0.00156 U 0.00472 U NR 73.7 NR NiR N NR

Potassium 40 55.4 9.33 9.93 15.7 0.403 43.1 U 43.3 U 48.4 U 13.0 U 35.4 U 15.7 U
Radium 226 NR NR NR NR NR 121 U 200 U 36.0 U 27.0 U 20.8 U 11.7 U
Rsdium-224DA NR NR 2E-153 U 3E-153 .29E-154 NR NR NR NR NR NR

Radium.2260A 24.9 U 0.345 J 0.360 .J 0.364 J 0.189 J NR NR NR NR MR NR
Radium-228 Nit N N Nit NR NN Nit Nit N NR

Redium-228DA NR NR NR N NR N NR NR NiR NR

Rutheniml06 U U U U U U U U U U U
RuLhenitrn-103 MR NR NR NR NR NR NR NR NR MR NiR
Strontium 90 17,429 1,354 1,159 44.3 0.0682 U 123 694 1,246 1,219 172 305

TecImnetium 99 NR NR NR NR NR Nt NR Nt Nt NR NR
Thoimmmn 228 22.5 U 0.0731 0.0631 0.0729 0.0232 65.3 U 99.6 U 25.3 U 176 U 12.4 U 7.92 U
Timriun 232 -156 U 1.00 0389 U 0.624 MR NR NR NR NR MR NR

Tin-125 NR NR NR NR MR NR NR NR NR NR NiR
Tritium NR NR MR NR NR MR NR NiR N Ni NR
UrnniuM233/214 MR NR NiR NR NR NR NR NR NR MR NR
II, dum 23 -0672 U 0.0227 t! 0 0386 U 0.0193 1 - 0.0038 U NR. Ni NR NR MR NR
Unmium 238 9.99 U 0,63 0.441 0.364 0.0127 U Nit N Nit N Nt NR

Uraimin-234 5.12 U 0.414 0.479 0.302 0.0347 MR MR NR NR NiR NR
7inc 65 NR NRi MR NR NRi NiR NR NR NR MR NR
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222-3 222-S 222-S 222-S 222-3 222-3 Quantera Quanlerra Qmtajerra Quanilera Q.uaniea-
Location: 199--10 A 199-N-IOSA 199-N-IOSA 199-N-108A 199-N-IOA 199-N-108A 199-N-IO&A 199-N-10A 199-N-108A 199-N-108A 199-N-A10A

Sample ID: O0GLD8 DOCLD9 BOGLFO BOGLFI IDGLF2 EIGLF3 B00L71 BOGL73 BOGL75 (Dp) BOGLBI BOGL86
Method: 15

Sample Collected: 11/15/95 21/15/95 11/15/95 11115/95 1/26/95 11/16/95 11/9/95 11/10/95 11/10/95 11/15/95 11/16/95
Dept (lee belowgrowmd srFace): 42-44 47 52 59.5 62-63.5 69 14.5-16.5 23-25 23-25 42-44 62-63.5 fl

Unils: JpLig pCi/ pC/g pCV pcag pCVg pCi/g pcvg pc g . GL jQg
Gross alpha 1.02 U 1.86 U 2.46 U 1.53 U 1.65 1.47 U 35.1 7.69 7.60 9.33 2.9 U
Crossbela 80.9 - 34.8 20.0 537 272 74 5,750 3,790 2,740 132 328
AcMinim.-228 NR NR NR MR MR NR MR MR MR MR NR
AMericirn.241 NR MR MR MR MR MR 6.50 MR MR NR NR
Anyimony-125 MR MR MR MR MR NR NR MR NR MR MRisnuh-214 MR MR MR NR NR NR MR MR MR NR MR C 0
Cadminm-109 MR MR NR NR NR MR NR MR MR MR MR
Carb 14 MR MR MR NR MR MR MR MR MR MR MRCcrmi-144 0.0770 U 00967 U 0.105 U 0.115 U 0.0881 U -0.0004 U -0.0065 U 0.0027 U 0.0027 U -00006 1 -00009 U
Cesita '34 000_____7_ U____27_U_-00006__1__0_00090.0958 u 0.144 U 0.123 U 0.153 U 0.148 U 00828 U 0.939 -0.0103 U -0.0045 U 0.0042 U -0.0066 U
Cesim 137 1.54 U 2.02 U 1.511 U 2.24 U 1.83 U 1.65 U 6,015 39.4 58.5 0.00626 U -0.0182 U
Chsroimn51 MR MR MR MR MR MR MR NR MR MR NR
Cobalt 60 0.424 U 0.497 U 0.698 U 0.901 U 0.501 U 0.308 U 610 3.61 4.68 6.279 0.273
C_ _ _ __58 MR MR MR MR MR MR 0.00 U -3E-11 U -4E-10 U SE-10 U 2E.10 UEropim 152 MR MR MR MR MR MR 0.642 U 0.00721 U 0.0486 U -0.0525 U -0.00641 U

2.rpmmt 5 150 U 2.08 U 2.51 U 2.50 U 1.28 U 2.62 U 5.45 0.119 U W,"55 0.0654 U -0.0250 UEM.opBm-155 0.967 U 1.04 U 1.309 U 1.28 U 2.08 U 0.879 U 1.15 0.00634 U 0.0546 U -0.00394 U 0.0532 Ur,59 MR MR MR MR MR MR 6E-14 U -3.442E-14 U 2.076E-14 U -6.AIE-14 U 1.058E-14 U
TM d-214 MR MR MR MR MR MR MR NR MR MR MR
Mamese.54 0.00923 U 0.0152 U 0.0155 U 0.0137 U 0.0113 U 0.0120 U 0.014 0.000876 U 0.000764 U -0.000281 U -0.000127 UPInoimn-238 MR MR MR MR MR MR 1.12 U 0.10082 U . 00828 U -0.00361U U
Ph't.iam 239/240 MR MR MR MR MR MR 12.6 0.0210886 U 0.3008367 U -0.003753 U -0.0041578 U
Polassiata 40 27.1 U 35.2 U 12.6 U 25.1 U 16.6 U 30.0 U 13.7 J ILL J 15.8 J 10.9 J 18.6Radimn 226 12.9 U 16.2 U 21.8 U 20.3 U 14,7 U 14.1 U 1.54 U 0.598 J 0.806 J 0.499 J 0.523 J
Radiu..224DA MR MR MR NR MR NR MR 2F-155 3E-155 4E-155 4E-155 00
Radiwn-226A . MR MR MR MR MR MR MR MR MR MR MRRadimMn.228 NR NR MR MR MR NR MR MR MR MR MR
Radihn-228DA NI MR MR NR MR NR MR MR MR
Rulhenium 106 U U U U U U U U U U
Rmthnim.-103 MR MR MR MR MR MR NR MR MR MR MRStontiun 90 . 21.7 3.83 1.22 211 21.8 114 679 1,264 1,537 51.2 127
Teclhnetinm99 MR MR MR MRx NR MR MR NR MR MR MR
Tohion, 228 753 U 9.77 U 11.6 U '1.5 U 9.51 U 7.76 U 0.114 U 0.135 0.165 0.115 0.0978
Thormo 232 MR MR MR MR MR MR -1.13 U MR 1.12 0.596 0.822I
Ti,'-125 MR NR MR MR MR MR MR MR MR MR MR
Trihium MR MR MR MR MR MR MR MR MR NR MR
Uranime 233/234 MR RR NR NR MR NR MR NR MR MR MR
Urmium 235 MR MR NR MR MR NR -0.222 U 0.0762 U 0.104 U 0.0324 U 0.0268 IUranism 238 MR MR MR MR MR MR .74 0.343 U 0.842 0.487 0.48
Uraninn-234 MR NR MR MR NR MR 0.2II U 0.407 U 1.00 0.534 0.398

MRc65 R NR MR MR' MR MR MR NR MR NR MR
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Reference DocTonul.: Quanlct 222-S 222-3 222-S 222-S 222-S 222-S 222-S 222-S 222-S
Location: 199-N-108A 199-N-109A 199-N-109A 199-N-109A 199-N-109A 199-N-109A 199-N-109A 199-N-109A 199-N-109A 199-N-IOVA

Sample ID: B0GL79(EB3) BOHIV7 OHIVS B0H1V9 BOHlWI 80H1W2(Dnp) B011W3 B0111W4 BOHIWS BOH5N9
Method:

Sample Collected: 11/15/95 12119/95 12/20/95 12/20/95 12/22/95 12/22/95 12/22195 12/27/95 12/27/95 12/28/95
Depth (fet below grotiid sorface): N/A 8-A0 10-12 17-19 24-26 24-26 30 39-41 50 59-615

Unis: EC/g pcug Ci/g pCgg Y pc/g pCw/g pCi/g p/g pCI/
Gross alpha 2.99 U 5.26 0.969 115 U 0.981 1.42 U 6.912 1.45 U 1.15 0.997 U
Gross bea 2.14 U 2,449 1,610 579 346 319 223 30.5 11.3 42.3
Acinum-228 MR MR NR MR MR MR
Aimciumi 241 MR 6.46 NR NR NR NR NR MR MR MR

Anlitony-125 MR NR NR MR MR NR MR MR NR MR
Bism..h-214 MR MR MR NR NR
Cadmim-109 MR MR NH MR MR NR NR MR NR NR
Carbon 14 NR MR NR NR NR MR NR NR NR MR
Cemit...- 144 0.0006 U 0.0596 0 0.0259 U 0.0177 U 0.0657 U 0.0378 U 0.0343 U 0.0108 U 0.0118 U 0.0121 U
Cesit.um 134 -00034 U 0.088 U 0.0194 U 0.0169 U 0.0743 U 0.0342 U 0.0146 U 0.0142 U 00157 U 0.0168 U
Cesimn 137 0.0120 U 330 0.188 U 0.125 U 0.444 U 0.370 U 0.456 U 0.125 U 0.135 U 0.128 U

Clrnmun51 -IE-22 U MR MR MR MR MR NR NR NR MR
Cobalt 60 -0.0142 U 116 1.98 0.851 0.393 1.01 1.43 0.230 0.646 0.735
Cobalt-58 -1E-10 U NR NR MR MR MR MR MR MR MR
Europinm152 -0.0297 U NR NR MR MR MR MR NR MR MR
Eiropimn 154 0.00584 U 0.706 U 0.223 U 0.193 U 0.808 U 0.440 U 0.458 U 0.178 U 0.229 U 0.210 U
Europimn-155 - .0154 U 0.678 U 0.335 U 0.222 U 0.520 U 0.520 U 0.409 U 0.131 U 0.145 U 0.143 U
Iro,.59 -3.54182-15 U MR NR NR NR MR MR NR MR MR

Lead-214 MR MR MR MR MR

Ma.gancsc-54 0.000151 U 0.0188 0.00220 U 0.00185 U 0.00709 U 0.00356 U 0.004)19 U 0.002 U 0.002 U 0.002 U
Plintonimnn-239 -0.00584 U NR MR MR MR MR NR MR NR MR
PFlnion/mn 239/240 -0.0086899 U MR NR MR MR NR NR MR MR MR
Poassimn 40 5.68 J 10.1 9.18 6.56 17.9 U 7.19 6.38 U 9.86 13.0 U 13.8
Radium 226 0.257 J 9.30 U 3.27 U 2.29 U 9.98 U 4.82 U 5.22 U 3177 U 2.0) U 1.98 U
Radi.m-224DA 91I56 MR MR MR MR 2E-150 NR MR NR NR

Radinm-226DA MR NR MR MR MR MR MR MR MR MR
Radi.m-228 MR MR MR MR MR MR MR MR MR MR

Radnm-228DA NR MR MR MR NR MR MR MR MR
Ruthenium 106 U U U U U U U U U U
Riheniu.103 -6F-16 U NR MR NR MR MR NR MR MR NR
Slronli'm 90 0.242 957 767 293 171 130 113 2.07 4.09 16.0

Techneutimn99 MR MR MR MR MR MR MR MR MR MR

T1o'.un 228 0.0416 5.81 U 2.90 U 1.91 U 4.41 U 4.52 U 3.66 U 1.16 U 1.26 U 1.31 U
Thoiom 232 MR MR MR MR NR MR MR MR MR MR

Ti.-125 2E-60 U MR MR NR MR MR MR MR MR MR

T.itim MR MR MR MR NR MR MR NR MR NR
Uranitn 233/234 MR MR MR MR MR MR MR MR NR NR
Uranim 235 -000146 U NR MR MR MR MR MR MR NR MR
Uranim 238 0.0892 MR MR MR MR MR N! MR MR NR

Uranium,-234 MR MR MR MR MR MR NR NR R NR

Zinc65 MR MR MR MR MR MR MR MR MR MR
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Reference Doctnnent: Quanterra Qane Quattena Quantern Quanlerra Quaniena Quantona Quantena
Locatdon 199-N-109A 199-N-109A 199-N-109A 199-N- 109A 199-N-IQ9A 199-N-109A 199-N- 109A 199-N-109A

Sample ID: 0GL97 BOGL99 BOGLBl BOGLB3 OGL4 (Dip) BOGLB6 BOGLCO BOGLBS(ER)
Method:

Sample Colccied: 12/19/95 12/20/95 12/20195 12/22/95 12/22/95 12/27/95 12/28/93 12/27/95
Depth(fcctbelow poundsrface: 8-10 10-12 17-19 24-26 24-26 39-41 59.5-61.5

Unmls: pCi/g pC/ pCi/g pCi/ pCt/g * L Pci/g pCi/g
Gross apha 3.S 6.69 5.7 5.52 6.3 5.79 4.53 U -0.906 U
Gross beta 3170 2450 303 530 491 64 60.5 1 53 U-
Aciumun-228 NR NR NR NR NR NR NR NR
Amcricimn 241 14.1 NR NR NR NR NR NR NR
Antnnny-125 NR NR NR NR NR NR NR NR
Sismuth-214 NR NR NR NR NR NR NR NR
Cadmium-]09 NR NR NR NR NR NR 1R NR
Carbon 14 NR NR NR NR NR NR NR NR
Caimn-144 0.0266 U -0.0009 U -0.0020 U -0.001 U -0.001 U -. 001 U -0002 U -0 0004 U
Cesium 134 0.117 -0.0020 U .0.0004 U -0.003 U -0.003 U 0.001 U -0.006 U -0.002 U
Cesium 137 510 0.465 0.127 0.052 0.030 U 0.003 U -0.013 U -0.006 U
Chromium 51 NR NR NR NR NR NR NR NR
Cobalt 60 195 2,33 1.22 0.l8e 0.738 0.282 0.766 -0.004 U
Cobalt-58 4E-09 U .5E-10 U -SE-11 U 1E-10 U 1E-10 U -6E-10 U 1E-10 U -2E-10 U
Europium 132 NR NR NR NR NR NR NR NR
Eurogium 154 1.92 0.00418 U 0.0713 U 0.110 U 0.0863 U 0.0307 U 0.0456 U -0.00324 U
EWopiTm-155 0.999 0.00772 U 0.00673 U 0.0452 U -0.0114 U 0.0105 U -0,0103 U -0.00229 U
Iron 59 0.000 U 0.000 U 0.000 U -7E-14 U -72-14 U 5E-14 U -31-14 U 1E-14 U
Lead-214 NR NR NR NR NR NR NR NR
Manmrpese-54 0.046 0.000 U -0.0002 U 0.000054 U 0000393 U 0.000151 U 0.000262 U 0.000353 U
Phulotimn - 238 3.661 U 0.072 U U 0.0136 U -0.00247 U 0.00566 U -0.00101 U
Pluwnium 239/240 24.037 0.385 U 0.150 U 0.0246 U -0 00228 U U 0.0103 U -0.00105 U
Potassium 40 12.5 J 9.01 J 9.62 j 8.03 .3 7.93 J 8.62 J 12.4 J 4.19 J
Radium 226 NR NR NR NR NR NR NR NR
Radimtn-224DA NR 0.000 0.000 4E-152 4E-152 IE-151 2E-151 3E-152
Radium-226DA 1.53 0.321 1 0.367 J 0.414 1 0.303 j 0.357 J 0.339 3 0.116 U
Radimn-228 NR NR NR NR NR NR NR NR
Radium..228DA NR NR NR NR NR NR
Rullienium 106 U U U U U U U U
Rutheninm-103 NR NR NR NR NR NR NR NR
Strontin 90 1,187 1,090 355 200 177 24.6 14.2 -00115 U
Teclutelium99 NR NR NR NR NR NR NR NR
Thoriumn228 0.0852 U 0.0652 0.0669 00643 0.0795 0.0921 0.0911 0.0433
Tkorium232 .0.167 U NR 0.622 0.504 0.156 0.682 0.616 0.134 U
T'm-125 NR NA NR NR NR NR NR NR
Tiimn NR NR NR NR NR NR NR NR
Uranium 233/234 NR NR NR NR NR NR NR NR
Urimium 235 -0,210 U) 0.085 UJ 0.033 UJ -0.00422 UJ 0.00763 U1 0.0169 U) 00291 J 0.00324 UJ
Uraciut 238 0.776 U 0564 U 0.44 0.435 0.531 0.5 0.418 0.027B
Urandum-234 1.36 0451 U 0.727 0.642 0.354 0.J48 0.454 0.0509
ZRnc65 NA NR NR NRI NR NR NR NR
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Bechtel Hanford, Inc.

BHI-01092
Draft A

CALCULATION SHEET

originator J. D. Ludowise Date 15-Sen-97 Cale. No. 0100N-CA-V0002 Rev No A

Project Remedial Action Job No. 22192 Checked - Date ___ATi

Subject Soil Remed pr 1301- 1325-; Sheet No. 1 of 15

Purpose. The purpose of this calculation is to estimate the quantity of contaminated soil and
sediment requiring disposal from the remediation of 1301-N and 1325-N. The corrective
measures study for 1301-N and 1325-N (Ref. 1) identified remove and dispose as the preferred
option for remediating these sites. An engineering study (Ref. 2) was commissioned to evaluate
the issues associated with the remove/dispose option and to recommend an optimized
remediation option. The purpose of this calculation is to quantify the volume of contaminated
media and to calculate the concentration of radioactive contamination associated with these
media. The values calculated herein will be used as the basis for a cost estimate and radiation
dose assessment for the project.

Input Data.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
8

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
'9

-40
41
42

Drawing H-1-30589
Drawing H-1-28855
Drawing H-1-45090
Drawing H-1-48894, 48895

Tables A2-1 and A3-1 in the
Limited Field Investigation (LFI)
(Ref. 3).

Table A8-1 (Radionuclide
Concentrations) and Figures B 1-
1 through B 1-3 (Borehole Logs)
in the LFI (Ref. 3).

Radionuclide Concentrations
Surface Sediment:

Soil Borings (199-N-107A, 108A and 109A):

Assumptions.

The Engineering Study (Ref. 2) makes several key assumptions regarding the character of the
contaminated soil beneath the cribs and trenches [these assumptions are discussed further in the
engineering study (Ref. 1)]:

1. The 5 ft thick contaminated layer (Ref. 1.) can be broken down into two layers based on
activity.

2. The upper layer, containing the bulk of the activity, is 1 ft thick and is referred to as the
high activity layer.

3. The 4 ft thick layer immediately below the high activity layer contains radioactive
contamination levels significantly less than the high activity layer (low activity layer).

B-2

Crib Dimensions
1301-N Crib:
1301-N Trench:
1325-N Crib:
1325-N Trench:



BHI-01092

Bechtel Hanford, Inc. CALCULATION SHEET Draft A

originator J. D. Ludowise Date 15-Sep-97 Caic. No. 01gO -CA-VO002 Rev No4
Project Remedial Action Job No. 22192 Checked Date /15.

Subject soil Remediation volume for 1301-N 5- Sheet No. 2 of 15

1 4. The high activity layer is characterized by the average radionuclide concentrations taken
2 from the surface of the 1301-N Trench during the latter years of its operational phase
3 (1980 to 1985). These data are labeled TS-01 through TS-09 in Table A2-1 of the LFI
4 (Ref. 3).
5
6 5. In calculating average, ignore data point with 2,800,000 pCi/g Pu-239/240 as being
7 unrepresentative of the whole.
8
9 6. The same layers and activities are common to 1301-N and 1325-N Cribs and Trenches.

10
11 7. The low activity layer is characterized by the samples collected from borehole
12 199-N-107A [Table A8-1 of the LFI (Ref. 3)].
13
14 8. Operational limit at ERDF would currently restrict alpha emitters (Pu-239/240 and Am-
15 241) concentration to 270 pCi/g [basic assumption in the engineering study (Ref. 2)].
16
17 9. Operational limit at ERDF could be raised to 2,000 pCi/g [basic assumption in the

8 engineering study (Ref. 2)].
19
20 10. Am-241 concentration is about 25% of the Pu-239/240 concentration.
21
22 These assumptions are carried through this calculation.
23
24 References.
25
26 1. DOE/RL-97-39, 100-NR-1 Treatment, Storage, and Disposal Units Corrective Measures
27 Study/Closure Plan, Draft A.
28
29 2. BHI-0 1092, 100-NR-1 Treatment, Storage, and Disposal Units Engineering Study,
30 Decisional Draft.
31
32 3. DOE/RL-96-11, 1301-N and 1325-N Liquid Waste Disposal Facilities Limited Field
33 Investigation Report, Rev. 0.
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K)

J.D. Ludowlse Date
Remedial Action Job No.
Soil Remediatinn Volume for 1301.N

9/16/97
22192

and 132-N

Calc. No. 0100X-CA-V0002
Chck'd By 1- Z,

Length, ft 114.441 288.411 277.00 260.191 194.49 364.94
Volume of High Contamination Layer, Cubic Feet

High High Cont.
Contamination Layer Cross-

Layer Sectional Area,
Thickness, ft sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

0 0 0 0 0 0 0 0 0
0.5 15 1,663 4,191 4,026 3,781 2,826 5,304 21,791

1 30 3,446 8,684 8,340 7,834 5,856 10,988 45,149
1.5 47 5,348 13,478 12,945 12,159 9,089 17,055 70,074

2 64 7,370 18,573 17,839 16,756 12,525 23,502 96,566
2.5 83 9,511 23,970 23,022 21,625 16,164 30,331 124,624

3 103 11,772 29,668 28,495 26,766 20,007 37,542 154,250
3.5 124 14,153 35,668 34,257 32.179 24,053 45,134 185,443

4 146 16,653 41,969 40,309 37,863 28,302 53,107 218,202
4.5 168 19,273 48,571 46,650 43,820 32,754 61,461 252,529 -

5 192 22,012 55,475 53,281 50,048 37,409 70,197 288,422

Volume of Low Contamination Layer, Cubic Feet
Low

High Contamination
Contamination Layer Cross-

Layer Sectional Area,
Thickness, ft sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

0 313 35,762 90,127 86,563 81,310 60,777 114,045 468,583
0.5 298 34,099 85,936 82,537 77,529 57,951 108,741 446,792

1 282 32,316 81,443 78,222 73,476 54,921 103,056 423,434
1.5 266 30,414 76,649 73,618 69,151 51,688 96,990 398,509

2 248 28,392 71,554 68,724 64,554 48,252 90,543 372,018
2.5 229 26,251 66.157 63,540 59,685 44,613 83,714 343,959

3 210 23,990 60,459 58,068 54,544 40,770 76,503 314,333
3.5 189 21,609 54,459 52,305 49,131 36,724 68,911 283,140

4 167 19,109 48,158 46,253 43,447 32,475 60,938 250,381
4.5 144 16,489 41,556 39,912 37,490 28,023 52,584 216,054

5 120 13,750 34,652 33,282 31,262 23,368 43,4 180,161
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1325-N Trench 2 n /

.n i udnwise Date
Remedial Action Job No.
Soil Remediation Volume for 1301-N

9/16/97 Calc. No.
22192 Chck'd By

and 13!9i-N

0100X-CA-V0002
/2 - -

Rev No. A
Date
Sht. No. 11 of 15

Length, ft 750.001 750.00 750.00 750.00
Volume of High Contamination Layer, Cubic Feet

High High Cont.
Contamination Layer Cross-

Layer Sectional
Thickness, ft Area, sq ft Volume W Volume X Volume Y Volume Z Total

0 0 0 0 0 0 0
0.5 22 16,524 16,524 16,524 16,524 66,098

1 45 33,833 33,833 33,833 33,33 135,330
1.5 69 51,924 51,924 51,924 51,924 207,698

Volume of Low Contamination Layer, Cubic Feet
Low

High Contamination
Contamination Layer Cross-

Layer Sectional
Thickness, ft Area, sq ft Volume W Volume X Volume Y Volume Z Total

0 388 290,625 290,625 290,625 290,625 1,162,500
0.5 365 274,101 274,101 274,101 1,096,403

1 342 256,793 256,793 256,793 256,793 1,027,170
1.5 318 238,701 238,701 238,701 238,701 954,803
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Volumes

J.D. Ludowise Date
Remedial Action Job No.
Soil Remediation Volume for 130

9/16/97 Calc. No.
22192 Chck'd By

1-N and 1325-N

010OX-CA-V0002

Volume, Cubic Feet
ERDF
Oper- Estimated
ational Pu-239 Am-241 Total
Limit, Conc., Conc., Dilution 1301-N 1325-N Volume,
pCi/g pCi/g pCi/g Factor 1301-N Crib Trench 1325-N Crib Trench Total Cubic Yards

High Exposure
Low Exposure
Total
High Exposure
Low Exposure
Total
High Exposure
Low Exposure
Total
High Exposure
Low Exposure
Total

40,649, 10,162
1.873| 468

36,250
145,000

45,149
423,434

60,000
240,000

33,833
256,793

175,231
1,065,227

6,490
39,453

181,2501 468,5831 300,0001 290,6251 1,240,4581 45,943
6,821,881 8,496,569 11,291,389 6,366,932 32,976,770 1,221,362

8.7 1,257,338 3,671,724 2,081,111 2,226,724 9,236,897 342,107
8,079,219 12,168,293 13,372,500 8,593,656 42,213,667 1,563,469

47.0 1,705,470 2,124,142 2,822,847 1,591,733 8,244,193 305,340
2.2 314,334 917,931 520,278 556,681 2,309,224 85,527

2,019,805 3,042,073 3,343,125 2,148,414 10,553,417 390,867
25.4 920,954 1,147,037 1,524,338 859,536 4,451,864 164,884

169,7411 495,683 280,950 300,608 1,246,981 46,184
1,090,695 1,642,720 1,805,2881 1,160,144 5,698,845 211,068

e

5
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Daa Source: IlEIS 1EIS 111IS IIHIS 1I1IS 222-3 2224 222-3 222-3 222-3 222-SLoal..m: 199-N-107A 199-N-107A 199-N-107A 199-N-107A 199-N-17A 199-N-10A 199-N-IOUA 199-N-IOBA 199-N-IOUA 199-N-10lA 199-N-103ASample ID: L001.39 10091 100L92 (Dup) 0G95 000194 (21) 110GLD2 00.D$ D00LD3 00GLD4 (Dup 2300LD6 00?LDMethod:
Sample Collected: 11/309/ 12195 125195 1211/9 12/895 1119195 1119195 11110/95 21110(95 11/10(95 11/95

ElevAllon (feet above meat
sea level) 449-447 432-430 432-430 403-401 -- 443-441 439 434-432 434-432 429 424.5Depth (feel below groun
ourfice) 11.0-13.0 28-30 21.30 57-59 N/A 14.5-16.5 Is 23-25 23-25 28 32.5Unit: C- CP COURL. CUR aWYK .. C.g am .. l .Y

Ga alpha 2 "39 7.43 6.3 u 6.61 3.62 U 1.4 51.1 [.L41W .31 1.38 U
0.e" belta 13100 4.410 5.120 293 2.8 2.210 17.600 2.690 21770 435 228
Acd~num-228 NR NR NR NR NR NR NR NR NR Ni NR
Amedelum 242 1o50 NR NR NR NHR NR R NR NR NR R
Anmony-125 NR NR NR NR NR NR NR NR NR NR NR
Obmuth-214 NR NR NR NR NR NR HR NR NR NR HR
Cadmim-109 NR NR NH NR NR NR NR NR NR HR NRCasbon 14 NR KR NR NR N N HR HR NR HR HR
Cedum-144 62.9 U -0.57 U 0.0963 U -0.0371 U -0.103 U 66.7 U 107 U 22 U I. U i2U 6.19 U
Calum 134 4.34 U .0.0! U -0.0439 U -0.0177 U -0.00734 U 5.54 U 17.1 1.5 U 1 .32 U 0.962 U 0.622 U
Cesium 137 12510 2.46 6.01 0.0144 U 0.0116 U 3203 15760 s03 84.9 24.1 1.34 U
CNmium HR NR NR HR NR NR NR NR NR HR HR
Coball 60 110.000 4.96 5.37 1.29 -. 00423 U $21 3,300 10.4 14.2 3.53 0.999 U z
Cobou-SI -100 U 0.0383 U -0.00793 U 0.01164 .0.0353 U NR NR NR NR R NR .
HwwnIun 152 71.7 U 0.0936 U -0.207 U 0.0341 U 0.0453 U NR NR NR NR MR HR
BWOpm 214 307 0.155 U 0.147 U 0.0133 U -0.0017 U t.0, U 1.3 U 3.99 U 3.64 U 2.2 U 1.61 U
Ewrolura-15 141 0.0209 U 0.133 U 0.0133 U 0.0359 U 16.1 U 24.1 U 6.09 U 4.21 U 3.18 U 8.64 uL
h111 39 142 U -0.23 U -0.04 U 0.07 U -0.0540 U NR NR HR NR NR HR

Se&4-214 NR NR NR NR NR NR NR HR NR NR NR
Muuwce-4 19.3 U 0.0933 U 0.047 U 0.0357 U 40116 U - 5.0s U 9.49 UL 1.35 U 0.978 U 0.943 U 0.591 U
Ibiuwm -238 465 -0.00126 U 0.00823 U 0.00339 U -0.00012n U NR 11.12 NR NR NR H
Plowoaim 2391240 3.340 0.023 U 0.0703 -0.00154 U 0.00472 U NR 73.7 NR NR R NR
Polum 40 55.4 9.33 9.93 15.7 0.433 43.3 U 43.3 U 43.4 U 13 U 35.4 U 15.7 U
Raim226 NR NR NR HR HR 121 U 200 U 36A U 27.1 U 20.8 U 1 11.7 U
RadhOm-224DA H4R NR 0.52 U 0.435 6.087 NR HR HR NR NR o
Rodln4226A 25 U 0.346 J 0.39 J 0.365 9.189 J NR NR HR NR NR HR "+
Radlmw221 NR NR NR . NR NR NR NR NR NR NR NR
RhMaWIt21DA NR NR NR 0.562 NR NR NR HR HR NR NR
Ru4enma 604 -425 U 0.403 U -0.203 U 0.146 U 1 40924 U 109 U 14 U 31.4 U 16.1 U 20 U 10.6 U
RudmIwu.103 NR NR NR HR HR HR NR NR NR HR HR

Suisnfm l 19740S 1.536 1360 50 0.0771 U 139 735 1.41 1300 195 329
Teeludhut 99 HR HR HR NR NR NR NR NR NR NR NR

hordim221 144 U 0.47 0.401 0.462 0.179 427 U 651 U 165 U 125 U $I U 51.1 u
norum232 -156 U 1.01 0.311 U 0.614 NR NR HR NR NR NR NR
Tin-125 NR NR NR NR NR NR NR NR NR NR NIt
TdIOUm NR HR NR NR NR NR NR NR NR R HR
UkalhUm23/234 HR NR NR HR NR NR NR NR NR NR NR
U101u1 235 -0.672 U 0.0227 U 0.00366 U 0.0193 U 0.00333 U NR NR NR HR NR NR
Urmnium231 9.99 U 0.363 - 0.44 0364 0.01271 - HR NR NR Ni N R NR
Urtnlum-234 5.12 U 0.414 0.479 0302 0.0347 HR NR NR HR HR HR
Z;c 65 IR N R HR M N R R
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1301-N Trench
BHI-01092
Draft A

Attachment -3
Diginator T t P-,l, ,adiz.
Chk'd By .

Calc.No. ALOAP/-C4 - 7Ocn.Z

1< Z_

Sheet No. / of ?

Dam

Rev.No.

1t z

B-21

K A- F
/2

17
,/ .

2)

24
2

5

3:

|Length, ft 114.43775600736 288.40596387731 277 260.192236625154 194.486503387767 364.943831294625

High Contamination Layer High Cont. Layer Cross-
Thickness, It Sectional Area, sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

0 =2.09*Cl 5A2+28.02*C15 =E$12*D15 =F$12*$DI5 =G$12*$D15 =H$12*$D15 =1$12*$D15 =J$12*$D15 =SUM(EI5:J15)
0.5 =2.09*C16A2+28.02*C16 =E$12*$D16 =F$12*$D16 =G$12*$D16 =H$12*$16 =1$12*$D16 =J$12*$D16 =SUM(E16:J16)
1 =2.09*C17A2+28.02*C17 =E$12*$D17 =F$12*$D17 =G$12*$D17 =H$12*$D17 =1$12*$D17 =J$12*$D17 =SUM(E17:J17)
=0.5+C17 =2.09*C1 8A2+28.02*C18 =E$12*$D18 =F$12*$D18 =G$12*$D18 =H$12*$D18 =1$12*$D18 =J$12*$D18 =SUM(E18:J18)
=0.5+C18 =2.09*CI9A2+28.02*C19 =E$12*$D19 =F$12*$D19 =G$12*D109 =H$12*$D19 =l$12*$D19 =J$12*$D19 =SUM(E19:J19)
=0.5+C19 =2.09*C20A2+28.02*C20 =E$12*$D20 =F$12*$D20 =G$12*D20 =H$12*1D20 =1$12*$D20 =J$12*$D20 =SUM(E20:J20)
=0.5+C20 =2.09*C21A2+28.02*C21 =E$12*$D21 =F$12*$D21 =G$12*$D21 =H$12*$D21 =1$12*$D21 =J$12*$D21 =SUM(E21:J21)
=0.5+C21 =2.09*C22A2+28.02*C22 =E$12*$D22 =F$12*$D22 =G$12*$D22 =H12*$D22 =1$12*$D22 =J$12*$D22 =SUM(E22:J22)
=0.5+C22 =2.09*C23A2+28.02*C23 =E$12*$D23 =F$12*$D23 =G$12*$D23 =H$12*$D23 =l$12*$D23 =J$12*$D23 =SUM(E23:J23)
=0.5+C23 =2.09*C24A2+28.02*C24 =E$12*$D24 =F$12*$024 =G$12*$D24 =H$12*$D24 =$12*$D24 =J$12*$D24 =SUM(E24:J24)
=0.5+C24 =2.09*C25A2+28.02*C25 =E$12*$D25 =F$12*$D25 =G$12*$D25 =H$12*$D25 =l$12*$D25 =J$12*$D25 =SUM(E25:J25)

High Contamination Layer Low Contamination Layer
Thickness, ft Cross-Sectional Area, sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

=C15 =312.5-D15 =E$12*$D29 =F$12*$D29 =G$12*$D29 =H$12*$D29 =$12*$D29 =J$12*$D29 =SUM(E29:J29)
=C16 =312.5-D16 =E$12*$D30 =F$12*$D30 =G$12*$D30 =H$12*$D30 =l$12*$D30 =J$12*$D30 =SUM(E30:J30)
=C17 =312.5-017 =E$12*$D31 =F$12*$D31 =G$12*$D31 =H$12*$D31 =1$12*$D31 =J$12*$D31 =SUM(E31:J31)
=C18 =312.5-D18 =E$12*$D32 =F$12*D32 =G$12*$D32 =H$12*$D32 =1$12*$D32 =J$12*1D32 =SUM(E32:J32)
=C19 =312.5-D19 =E$12*$D33 =F$12*$033 =G$12*$D33 =H$12*$D33 =$12*$D33 =J$12*1D33 =SUM(E33:J33)
=C20 =312.5-D20 =E$12*$D34 =F$12*$D34 =G$12*$D34 =H$12*$D34 =1$12*$D34 =J$12*$D34 =SUM(E34:J34)
=C21 =312.5-D21 =E$12*$D35 =F$12*$D35 =G$12*$D35 =H$12*$D35 1=$12*$D35 =JS12*1D35 =SUM(E35:J35)

=C22 =312.5-D22 =E$12*$D36 =F$12*$036 I=G$12*$D36 =H$12*$036 =1$12*$D36 =J$12*$D36 =SUM(E36:J36)

7 =C23 =312.5-D23 =E$12*$D37 =F$12*D37 =G$12*$D37 =H$12*$D37 =$12*$D37 =J$12*$D37 =SUM(E37:J37)

=24 =312.5-D24 =E$12*$D38 =F$12*$D38 =G$12*$D38 =H$12*$D38 =1$12*$D38 =J$12*$D38 =SUM(E38:J38)
=C25 =312.5-D25 =E$12*$D39 =F$12*$D39 =G$12*$D39 =H$12*$D39 =$12*$D39 =J$12*$D39 =SUM(E39:J39)
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1325-N Trench

C. -1b £ /- 67 /7' -7---
/.2

13

/4

'5-

Anacbment 3
Oriiar I-. 1. ed '0'5e
Ckd By J .. "
Ctc. No. o/fff --t-A - V&06WZ-

Sheet No." 2 of 3

Rev. NO. '/

B-22

Length, ft 750 750 750 750

High Contamination Layer Thickness, High Cont. Layer Cross- Sectional
ft Area, sq ft Volume W Volume X Volume Y Volume Z Total

0 =2.09'C15A2+43.02*C15 =E$12*$D15 =F$12*$015 =G512*SD15 =H$12*$D15 =SUM(E15:H15)
0.5 =2.09*C162+43.02*C16 =E$12*$D16 =FS12*$D16 =GS12*$D16 =H$12*$D16 =SUM(E16:H16)
1 =2.09*C17A2+43.02*C17 =E$12*$D17 =F$12*$D17 =G$12*$D17 =H$12*D17 =SUM(E17:H17)
1.5 =2.09*C8A2+43.02*C18 =ES12*$D18 =F$12*$D18 =G$12*$D18 =H$12*$D18 =SUM(E18:H18)

High Contamination Layer Thickness, Low Contamination Layer Cross-
ft Sectional Area, sq ft Volume W Volume X Volume Y Volume Z Total

=C15 =387.5-D15 =E$12*$D22 =F$12*$D22 =GS12*$D22 =H$12$D22 =SUM(E22:H22)
3 =C16 =387.5-DI6 =E$12*$D23 =F$12*$023 =GS12*$D23 =H$12*$D23 =SUM(E23:H23)

=C17 =387.5-D17 =E$12*$D24 =F$12*SD24 =G$12-$D24 =H$12*$D24 =SUM(E24:H24)
=C18 =387.5-D18 =E$12*$D25 =F$12'$D25 =G$12*$D25 =H$12'$025 =SUM(E25:H25)

Z2
'9
21
.2J

BHI-01092
Draft A
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volumes

it
A4

* High Exposure
Z Low Exposure,

otal
j5 Exposure

14 F OWExposure
17 4 eal

- igh Exposure
9 ow Exposure

} 4- otal
) ;h&High Exposure

22, aq- Low Exposure
otal

/W ' -7-

B C -P 17 FC- H
BHI-01092
Draft A

Volume. Cubic Feet

S 4 ek * IS e- t- \ .
ERDF Ope-ational Liit, Estlinated Am-241 Conc., r4f 4tM 4  *oS. T s t e

pCVg Pu-239 ConC., pCi/g pCIg Dilution Fador 1301-N Crib -nch 1325-N Crib 1.J 1 Trend: Total Total Volume, Cubic Yards
40649 0.25*C12 =36250 =MVOLUMESJXLS]1301-N rendh'SKS17

=4'36250 [VDLUMES.XLS]1301-N Trench$K$31
SUM(F12:F13) =SUAM(G12:G13)

|=F13E16
=G121E15
=G13SE16

60000
=460000

=SUM(H12:H13)
=H2SE15
=H13'$El6

*=(VOLUMES.XLS1325-N Tren !$ES17
*=fVOLUMES.XLS]1325-N Trench'!$El24
=SUM(112:113)
=1121E15

=113*$E16

=SUM(F12:112)
=SUM(F13:113)
=SUM(J12:J13)
=SUM(FIS:115)

SU(Fl6:116)
rSUM(F15:FI6) j=SUM(G1S:GI6) jSUM(H15:H16) =SUM(115:116) I=SUM(J15:J16) =SUM(KI5:Kl6)

=J12/27
=J13/27

=SUM(K12:Kl3)
=J15127
=J16/27

I=F1R2'18
-7-FF3-SE19

=G12$E18
;G1 3E19

=H12*188
=H13'SE19

112-1E18
=113'SE19 =SUM(FI8:118)

,=S4UM(F19:J19) =U1 :=SUM(FIS:F19) I=SUMEI8Gl) !hSUIV(118H119) =SUM(tiB:Il9) I=SUM(1J1J9) h=SUM(Kl8:K19)

=JI18/27

=G12fltI
=G13*$E22

=H12*S2#Hl3$E22
=H13'1E22

=1121$E21
=113"E22

=SUM(F21:121)
=SUM(F22:122)

.SIMW2I:F22) =SUM(G21:G22) =suM(H21:-22) I=SUM(121:122) SUM(J21:J22) =SUM(K2I:K22)

=J21/27
=J22/27

Antacment 3
Oikdor Z . 4
Md By

Cu~cNo.C -CA -V

Sheet No. l of

Rev. No. -' 4'

B-23

-I

IT

|fl|=F12E1
I=F13-SE22
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APPENDIX C

DOSE CALCULATION PACKAGE
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Computer Program MICROSHEILD Program No. VERSION 4

Committed Calculation Preliminary £K Superseded

Rev. Sheet Numbers Originator Checker Reviewer Approval Date

-474 110- -90

Pi//-/' 7
0 1-18 MA Wesselman RF Patch 10/10/97

SUMMARY OF REVISION

Scanned: Rey. Date ar Code No. Rev. Date Bar Cgde No

*Obtain Caic. No. from DIS.

BHW-DE-01, EDPI-4.37-01. DE01437.03

0

C-1 November 1996



Bechtl HanordBHI-O01092Bechtel Hanford, Inc. CALCULATION SHEET Draft

originator Mike Wesselman Date 10/10/97 Calc. No. 100N-CA-V0004 Rev No 0
Project 10ON CRIBS, RAWD Job No. 22192 Checked k Dtte:10/10/97
Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N

Sheet No. I of 18
Dose rates for worker expected to spend time in low dose areas or more than 30 feet from B-25
boxes and drums.

This group includes all workers not directly involved with the excavation in Option 2. Laborers
and RCT's at ERDF in options 3 and 5 and the water truck driver in all options.

The 1995 Man Carried Radiological Detection System (MRDS) survey (File ID #'s
1325C826.dwg & 1301C826.dwg) shows dose rates along the edge of 1301N and 1325N range
from .1 to 100 mR/hr. Removing the panels. allowing 6 years for the decay. of-eo-60 between
1995 and 2001, and applying 2 feet of overburden is expected to reduce doses in these areas to
between background and 1 mR/hour. A dose of .1 mR/hr is used when calculating the exposures
to these workers. A value of .03 mR/hr was used for estimating exposures for workers in similar
functions at the 100 BC remedial action and the estimated exposures have been higher than the
recorded ones for over a year.

Modeling with MICROSHIELD version IV software, using sample results from 1995 drilling
operations shows that 2/3 of the 1995 dose rate is from Co 0 . By 2001 the dose rates from Co-60
will decrease by at least 55% which should decrease the total dose rate by at least 35%.
Modeling shows two feet of fill over the most contaminated areas reduces the dose by at least a
factor of 100 ( See Microshield DOS File "TRENC5" output for Case number 1, no buildup
divided by the output for case 4 , no buildup). It is assumed that this will reduce exposure in
surrounding areas as well. It is further assumed low dose areas of .1 mR/hr can be created in the
work area using steel plate. soils or crib panels for shielding and workers can move to even
lower dose areas when working near 1325 N.

The same dose is used to represent "shine" through less contaminated overburden from high dose
items and soils placed at the Environmental Restoration Disposal Facility (ERDF).

Dose to Workers with Blended Wastes.

This applies to all workers near filled containers in Option 2 and workers near filled RCI
containers in options 3 & 4.

Modeling shows that the most highly contaminated soils can be shielded to near background
levels if three feet of soil is between the source and the receptor ( See Microshield DOS File
"TRENC5" output for Case number 4, no buildup) . The "blending" operation will provide
shielding to the driver and anyone in Container Storage areas by placing the medium radioactive
soils in the center of the container. It is assumed that the blending technique can be modified to
ensure all workers are shielded. Based on current sample data, medium contaminated soils will
not occupy more than 60% of the container. Most containers will have levels below this. Dose
rates consistent with current remedial actions were selected.

C-2
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MicroShield 4.21 - Ser:.a. :::4 . x..- --

Bechtel Hanford, .nc,:
Page : 1 File
DOS File: TRENC5.MS4
Run Date: September 14, 1997
Run Time: 10:39 p.m. Sunday Chec
Duration: 0:04:17

dtA
Ref:
ate: A./ /J.f7

By:
ked:

Case Title: model of trench +5 yrs 0-3' ovrb:7den 1 uC/g ea C60, Cs137

GEOMETRY

Dose point coordinate X:
Dose point coordinate Y:
Dose point coordinate Z:

Rectangular volume width :
Rectangular volume length:
Rectangular volume height:

Shield 1:
Air Gap:

13 - Rectangular Volume
centimeters feet and inches

570.0 18.0 8.4
500.0 16.0 4.9

5000.0 164.0 .5
10000.0 328.0 1.0

400.0 13.0 1.5
1000.0 32.0 9.7

91.44 3.0 .0
78.56 2.0- 6.9

Source Volume: 4000000000 cm-3 141259. cu ft. 2.44095e+8 cu in.

Material

Air
Concrete

Source
Shield

1.8

MATERIAL DENSITIES (g/cm^3)
Shield 1 Air Gap
Slab

0.00122
1.5

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 1

X Direction
Y Direction
Z Direction

INTEGRATION PARAMETERS
Quadrature Order

10
20
20

SOURCE NUCLIDES
curies microCi/cm-3 Nuclide

5.3974e+003 1.3493e+000 Co-60
5.7055e+003 1.4264e+000

curies microCi/cm~3
3.3161e+003 8.2902e-001

C-5

Nuclide
Ba-137m
Cs-137



<aarie : Z
DOS File: TRENC5.MS4 BHI-0109:
Run Date: September 14, 1997 Draft A
Run Time: 10:39 p.m. Sunday
Title : model of trench +5 yrs 0-3' ovrbrden luC/g ea Co60, Cs137

=== RESULTS FOR SENSITIVITY REFERENCE CASE (Shield #1 = 91.44)
Activity

(photons/sec

4.134e+012
7.628e+012
2.776e+012
1.797e+014
2.001e+010
1.227e+014
1.227e+014

TOTAL: 4.396e+014

Energy Fluence Rate
(MeV/sq cm/sec)

No Buildup With Buildup
2.691e-066 1.386e-022
4.697e-064 2.658e-022
1.451e-047 1.481e-022
2.357e-001 1.043e+001
3.609e-005 1.480e-003
6.323e+000 1.146e+002
1.350e+001 2.040e+002

2.006e+001 3.290e+002

Exposure Rate In Air
(mR/hr)

With Buildv
1. 155e-024
2.139e-024
8.416e-025
2.023e-002
2. 857e-00
2.047e-00
3.539e-00

5.788e-00

No Buildup
2.242e-068
3.780e-066
8.244e-050
4.569e-004
6.969e-008
1. 130e-002
2.342e-002

3.518e-002

SENSITIVITY RESULTS For: Shield
Sensitivity Energy Fluence Rate
Variable (MeV/sq cm/sec)
Value No Buildup With Buildup
0.0 3.342e+005 7.776e+005
30.48 7.941e+003 5.134e+004
60.96 3.722e+002 4.123e+003
91.44 2.006e+001 3.290e+002

#1 (cm)
Exposure Rate In Air

(mR/hr)
No Buildup With Build
6.000e+002 1.403e+00
1.406e+001 9.160e+00
6.549e-001 7.294e+00
3.518e-002 5.788e-00

Use the Display Menu For Energy Group Results For All Cases.

C-6

Energy
(MeV)

0.0318
0.0322
0.0364
0.6616
0.6938
1.1732
1.3325

Case
Number

1
2
3
4

)



Bechtel Hanford, Inc. CALCULATION SHEET BHI-01092

Originator Mike Wesselman Date 10/10/97 Calc. No. 100N-CA-VO004 Rev No o
Project 10ON CRIBS, RAWD Job No. 22192 Checked fD Date:10/10/97
Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N

Sheet No. 2 of 18

Dose to Track hoe & Forklift Operators.

This exposure estimate assumes a track hoe with a 30' boom arm (similar to a Caterpillar 325L
excavator). The dimensions of a trackhoe bucket are assumed to be 1 meter cubed. The dose rate

from the bucket will only be a minor addition to the operator's dose. The MICROSHIELD model
shows by applying shielding to a trackhoe "thumb" and using a bucket with 1" thick sides, dose

rates from the bucket should be less than 1 mR/hr for soils contaminated with I uCi/g each of

Cs'37 and Co60 . See MICROSHIELD DOS file "BUCET". output for case nufiber 3, no buildup.

Dose rates from being near the edge of the exposed wastes will probably contribute the majority

of the.exposure. Shielding can be applied to the trackhoe to minimize this exposure. The dose

rates are assumed to be the same for the forklift operator because the B-25 boxes. which are

moved by the forklift, will be filled near the edge of the crib.

The 1995 MRDS survey (File ID #'s 1325C826.dwg & 1301C826.dwg) shows dose rates along
the edge of the trenches to range from .1 to 100 nrem/hr. Removing the panels and applying 2
feet of overburden is expected to reduce dose rates in these areas to between background and 1

mR/hr. Some locations on the cribs will still have dose rates up to 10 mR/br, but the long boom

on the trackhoe should preclude the need for workers to stay in these areas. The remainder of the

exposure for these workers will come from being near containers filled with wastes. The forklift
will have at least 2 inches of plate steel installed on its lifting face and the driver will be

approximately 10 feet away from the B-25 boxes and drums of TRU wastes. The track hoe

operator should be able to stay at least 20 feet way from any container. The combination of
shielding and distance should keep the average dose rate for the operators below 3.5 mR/hr.
This dose rate allows for brief periods where the operators are exposed to the unshielded
container. Modeling shows this assumption is valid.

A larger forklift was specified to accommodate the required shielding, and its costs were
calculated

C-7
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Long Reach
* Introduction
* Arrangement Description
* Range Dimensions

INTRODUCTION
Long reach excavators are designed specifically

for those jobs requiring reach capability beyond the

range of normal excavators. Applications for which

long reach excavators are ideally suited include

ditch cleaning, slope finishing, river conservation,

and other work formerly reserved for draglines.

Caterpillar offers two hydraulic excavator models

in long reach arrangements. Each model uses pur-

pose-built booms and sticks designed by Caterpillar
for maximized performance and durability.

320 L LONG REACH
325 L LONG REACH

Long Reach Front Includes: Boom, stick, linkage

cylinders (boom, stick, and bucket), hydraulic lines,

and additional counterweight for stability while

working over the side. Dimensions include ditch

cleaning bucket.

320 L 320 V 325 L

Long Reach Long Reach Long Reach
mm ft mm It mm

Model 43- 18 290 s010'
A Maximum Reach at Ground Le15725 5-7" 16540 1424

B Maximum Digging Depth 11880 397- 1200 421 14625 411

C Maximum Cutting Height 13290 437 13400 4311 131SW s4r

D Maximum Dumping Height 11010 31'1 11350 3r" 11550 3TW

E Minimum Loading Height 1970 6- 2300 r6" 1347

320 L, 325 L LONG REACH
Bucket Bucket lip SAE Bu"ke
Bpet fWdUi Radius Heaped Cap. Weight No

- mm in mm in L ye I kg lbI Tbth

General Purpose 810 32 1220 0 59 1 340 750

Ditch Cleaning 1142 45 1091

320 V LONG REACH sno

Bucket Bucket Tip CurBuke Buce StcrodFt

Type Widt Radius Heaped Cap. ght No. of Curt c

MI In mm In L y ' kg Ib Teeth kN lb kN

Genral Purpose 75 14,231 62. 1
Ditch Cleaning 1 1800 70.81 780- 30.7 600 0.78 400 8232 - 6125 -143 6282-

.Belgium sOuived dW C8
N1t AJ 6ersosMfi m.ped witli ditch cleaIngbW t C

B

LONG REACH A
SHIPPING DIMEr

Maue
AovealTnpor

(FrTnt Folded)
oV91al1 Height (TI

Ovs -- wiah (T

LONG REACH Al

I CZ: - ' aOu e
L"~ Reach, Boom:

wrt Ge boom. a.
en n pis for.
Sbod, rod and

Z- rod end

Stick buc- ~iflder am

Excavators

E



BI--OI092
Draft A

-4-

325 L
Long Reach

mm

18 290 600
14625 48'0"

11 550 3r11
1347 4'5,

luckia

V.1ght No.of

Testh
5

640 None

ucket Stick
rI Force I Crowd Force

lb kN lb

14,231 62.82 14,134

I

LONG REACH ATTACHMENT
SHIPPING DIMENSIONS

Yodel

A Over
(F

B Over

A

320 L 320 L* 325 L
- tn I m rh In ft

ai Transpon Lengrn
ront Folded) 12.65 41'6" 12.99 427" 14.37 472"

a0 Height (TofTh ot Boom) 3.21 106" 3.35 10'0" 3.25 1018"

Overall Width (To Widesi Point) 3.18 105" - 3.7 12'2" 3.39 1111
aium sourced. Estra e gauge And 900 mm (35") frlC skoes.

oate: For other bass maenein O'm*Ol. sea secof on machines wM GP attacdents.

LONG REACH ATTACHMENT COMPONENT WEIGHTS
320 L 320 L* 325 L

Model kg lb kg lb kg lb
Additional CounterwoInl 800 1764 1100 2425 1100 2425
-ong Reach Room:

Includes boom, stick cytinder, hydraulic
lines, and pins for stjck. stck cylinder.
and boom rod end 2270 5004 2504 5515 3110 6856

Long Reach Stick:
Includes stick, bucket linkage and pins,
bucket cylinder and on. and hydraulic lines 1260 2778 1290 2841 1570 3461

Belgium sourced. Includes ena WeIe gauge ad reinforceo upperrwsne.

4-91
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MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.

Page 1 File
DOS File: BUCET.MS4 D
Run Date: September 14, 1997
Run Time: 7:58 p.m. Sunday Chec
Duration: 0:02:31

BHI-01092
Draft A

Ref:
ate: _Q/

By:
ked:

Case Title: trachoe bucket

GEOMETRY 13
c

Dose point coordinate X:
Dose point coordinate Y:
Dose point coordinate Z:

Rectangular volume width :
Rectangular volume length:
Rectangular volume height:

Shield 1:
Shield 2:
Air Gap:

Source Volume: 1000000 cm~3

- Rectangular
entimeters
1100.0

50.0
0.0

100.0
100.0
100.0
900.0

2.54
97.46

Volume
feet and
36.0
1.0
0.0
3.0
3.0
3.0

29.G-
0.0
3.0

35.3147 cu ft.

inches
1.1
7.7
.0

3.4
3.4
3.4
6.3
1.0
2.4

61023.7 cu in.

Material

Air
Concrete
Iron

Source
Shield

1.5

x
y
z

MATERIAL DENSITIES (g/cm~3)
Shield 1 Shield 2 Air Gap

Slab Slab
0.00122 0.00122

7.86

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 2

INTEGRATION PARAMETERS

Direction
Direction
Direction

Quadrature Order
10
20
20

curies
1.4190e+000
1.5000e+000

SOURCE
microCi/cm^3

1.4190e+000
1.5000e+000

NUCLIDES
Nuclide
Co-60

curies microCi/cm^-
1.5000e+000 1.5000e+00(

C-10

c-10

Nuclide
Ba-137m
Cs-137



DOS File:
Run Date:
Run Time:

BUCET.MS4
September 14, 1997
7:58 p.m. Sunday

Title : trachoe bucket
BHI-01092
Draft A

-== RESULTS FOR SENSITIVITY REFERENCE CASE (Shield #2 = 2.54) =======
Activity

(photons/sec

1.087e+009
2.005e+009
7.298e+008
4.724e+010
9.053e+006
5.550e+010
5.550e+010

Energy Fluence Rate
(MeV/sq cm/sec)

No Buildup With Buildup
6.004e-061 2.410e-026
1.026e-058 4.518e-026
3.565e-042 1.980e-026
4.458e+001 1.693e+002
9.465e-003 3.529e-002
1.770e+002 5.260e+002
2.303e+002 6.472e+002

Exposure Rate In Air
(mR/hr)

No Buildup With BuilduI
5.00le-063 2.007e-028
8.254e-061 3.636e-028
2.026e-044 1.125e-028
8.642e-002 3.282e-001
1.827e-005 6.814e-005
3.163e-001 9.400e-001
3.996e-001 1.123e+000

TOTAL: 1.621e+011 4.519e+002 1.343e+003 8.023e-001 2.391e+000

SENSITIVITY RESULTS For: Shield
Sensitivity Energy Fluence Rate
Variable (MeV/sq cm/sec)
Value No Buildup With Buildup
0.0 1.368e+003 2.628e+003
1.27 7.847e+002 1.909e+003
2.54 4.519e+002 1.343e+003

#2 (cm)
Exposure Rate In Air

(mR/hr)
No Buildup With Buildu
2.441e+000 4.694e+000
1,396a9000 3.406e+00C
C8.023e-I0e0'1 2.391e+oC

Use the Display Menu For Energy Group Results For All Cases.

C-11

Energy
(MeV)

0.0318
0.0322
0.0364
0.6616
0.6938
1.1732
1.3325

Case
Number

1
2
3
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Project 10ON CRIBS, RAWD Job No. 22192 Checked RODate:10/10/97
Subject Dose Estimates for Workers Involved with Remediating 130IN & 1325N
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Workers HandlinQ Hich Dose Drums and B-25 Boxes.

Modeling indicates that some of these items could read up to 790 mR/hr at one foot. Shielded
over pack drums and casks similar to those used on drilling operations at 200-BP- 1 in 1990-91
will be employed to keep drum dose rates below 50 mR/hr at 12 inches.

The casks were constructed of 36-inch diameter schedule 40 pipe centered around a 22-inch

diameter piece of schedule 60 pipe with the space between the two pipes filled with grout. The

drum to be filled would be placed inside the 22-inch diameter pipe with a riggi g strap attached.
The drum would be filled. capped and then rigged into a storage location. Highly radioactive

drums were stored inside 48-inch diameter concrete culverts with concrete lids placed over the

top. .

Long tools may be employed while rigging B-25 Boxes to keep workers more than three feet
from the box at all times. Highly radioactive boxes will require shielding similar to that used for
the drums, probably constructed of plate steel. For these items rigging will be designed so that

only minimal work is required near high dose items to connect, lift and disconnect the item. On

the calculation sheet a dose rate of 50 mR/hr is used to reflect time spent at three feet from the

container and as an ALARA goal for shielding purposes
Past work with the monoliths* for 1OON basins and highly radioactive drums of soil at 200-BP-1

indicate this dose rate is achievable. Shielding and dose reduction techniques can be refined in
the design phase of the remediation.

* A monolith is a grouted cylinder of highly radioactive wastes. The monoliths produced at
lOON were approximately 6 feet tall and 3 feet in diameter. Dose rates on some surfaces were up
to 6 R/hr.

C-12



MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.

Page : 1
DOS File: B25SHLD.MS4
Run Date: September 18, 1997
Run Time: 1:43 p.m. Thursday
Duration: 0:00:44

BFT-C 
092Drilft A

File Ref:
Date:

By:
Checked:

Case Title: b-25 box with 1.5 uCi/cm of co-60 & cs-137, w/shield at 10

GEOMETRY 13 - Rectangular Volume
centimeters feet and inches

Dose point coordinate X: 487.68 16.0 .0
Dose point coordinate Y: 76.2 2.0 6.0
Dose point coordinate Z: 76.2 2.0 6.0

Rectangular volume width : 116.84 3.0 10.0
Rectangular volume length: 182.88 6.0 .0
Rectangular volume height: 119.38 3.0 11.0

Shield 1: 0.9525 0.0 .4
Shield 2: 6.0 0.0 2.4
Air Gap: 297.8475 9.0 9.3

Source Volume: 2.55088e+6 cm~3 90.0833 cu ft. 155664 cu

Material

Air
Concrete
Iron

Source
Shield

1.6

MATERIAL DENSITIES (g/cm~3)
Shield 1 Shield 2 Air Gap
Slab Slab

0.00122

7.86 7.86

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 1

X Direction
Y Direction
Z Direction

INTEGRATION PARAMETERS
Quadrature Order

10
20
20

SOURCE NUCLIDES
curies microCi/cm^3 Nuclide

5.7905e+000 2.2700e+000 Co-60
6.1221e+000 2.4000e+000

curies microCi/cm^3
6.1221e+000 2.4000e+000

C-13

Nuclide
Ba-137m
Cs-137



Page : 2
DOS File: B25SHLD.MS4
Run Date: September 18, 1997
Run Time: 1:43 p.m. Thursday

BHI-01092
Draft A

Title b-25 box with 1.5 uCi/cm of co-60 & cs-137, w/shield at 10

RESULTS ==============================-
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.0318 4.436e+009 1.030e-161 7.156e-025 8.578e-164 5.961e-027
0.0322 8.184e+009 4.281e-156 1.342e-024 3.446e-158 1.080e-026
0.0364 2.978e+009 2.584e-110 5.880e-025 1.468e-112 3.341e-027
0.6616 1.928e+011 7.612e+001 5.799e+002 1.476e-001 1.124e+000
0.6938 3.695e+007 1.708e-002 1.263e-001 3.298e-005 2.438e-004
1.1732 2.265e+011 5.531e+002 2.823e+003 9.884e-001 5.045e+000
1.3325 2.265e+011 8.079e+002 3.766e+003 1.402e+000 6.533e+000

TOTAL: 6.615e+011 1.437e+003 7. 169e+003 2.538e+000 1.270e+001
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MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.

Page : 1 File
DOS File: NCRIB25.MS4 D
Run Date: September 18, 1997
Run Time: 1:32 p.m. Thursday Chec
Duration: 0:02:49

Draft A
Ref:
ate:

By:
ked:

Case Title: b-25 box with 1.5 uCi/cm of co-60 & cs-137, dose at 1-9'

GEOMETRY 13 - Rectangular Volume

Dose point coordinate X:
Dose point coordinate Y:
Dose point coordinate Z:

Rectangular volume width :
Rectangular volume length:
Rectangular volume height:

Shield 1:
Air Gap:

centimeters
460.248
76.2
76.2
116.84
182.88
119.38
0.9525

276.4155

Source Volume: 2.55088e+6 cm^3

feet and
15.0
2.0
2.0
3.0
6.0
3.0
0.0-
9.0

90.0833 cu ft.

inches
1.2
6.0
6.0

10.0
.0

11.0
.4
.8

155664 cu

Material

Air
Concrete
Iron

Source
Shield

1.6

MATERIAL DENSITIES (g/cm^3)
Shield 1 Air Gap

Slab
0.00122

7.86

BUILDUP
Method: Buildup Factor Tables

The material reference is Shield 1

INTEGRATION PARAMETERS

X Direction
Y Direction
Z Direction

Nuclide
Ba-137m
Cs-137

Quadrature Order
10
20
20

SOURCE NUCLIDES
curies microCi/cm^3 Nuclide

5.7905e+000 2.2700e+000 Co-60
6.1221e+000 2.4000e+000

curies microCi/cm^3
6.1221e+000 2.4000e+000

C-15
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Page :2
DOS File: NCRIB25.MS4
Run Date: September 18, 1997
Run Time: 1:32 p.m. Thursday

BHI-01092
Draft A

Title : b-25 box with 1.5 uCi/cm of co-60 & cs-137, dose at 1-9'

========= RESULTS FOR SENSITIVITY REFERENCE CASE
Activity

(photons/sec

4.436e+009
8.184e+009
2.978e+009
1.928e+011
3.695e+007
2.265e+011
2.265e+011

)

TOTAL: 6.615e+011

Energy Fluence Rate
(MeV/sq cm/sec)

No Buildup With Buildup
7.743e-024 9.349e-024
8.730e-023 9.845e-023
1.982e-016 2.291e-016
2.940e+003 7.595e+003
6.108e-001 1.559e+000
9.132e+003 2.019e+004
1.133e+004 2.416e+004

2.340e+004 5. 195e+004

(X = 460.248)
Exposure Rate In Air

(mR/hr)
No Buildup
6.449e-026
7.026e-025
1. 126e-018
5.699e+000
1. 179e-003
1. 632e+001
1.965e+001

4. 167e+001

With Buildup
7.787e-026
7.923e-025
1.302e-018
1.472e+001
3.01le-003
3. 609e+001
4. 192e-001

9.273e+001

Sensitivity
Variable

Value
213.36
336.804
460.248

SENSITIVITY RESULTS For: X
Energy Fluence Rate

(MeV/sq cm/sec)
No Buildup
3.872e+005
6. 571e+004
2.340e+004

With Buildup
8.923e+005
1.442e+005
5. 195e+004

(cm)
Exposure Rate In Air

(mR/hr)
No Buildup With Buildup
6.891e+002 1.593e+003
1.170e+002 2.575e+002
4.167e+001 9.273e+001

Use the Display Menu For Energy Group Results For All Cases.
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Energy
(MeV)

0.0318
0.0322
0.0364
0.6616
0.6938
1.1732
1.3325

Case
Number

1
2
3,



BHI-01092

Bechtel Hanford, Inc. CALCULATION SHEET Draft A

Originator Mike Wesselma a4te 10/10/97 Calc. No. IOON-CA-V0004 Rev No 0

Project 10ON CRIBS, RAWD Job No. 22192 Checked K Date:10/10/97

Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N

Sheet No. 4 of 18

Exposures for Drivers

Modeling shows that dose rates on the sides of B-25 boxes will be similar to dose rates on the
sides of RCI containers. Modeling also shows that dose rates decrease more quickly with

distance from a B-25 box than from a RCI container because B-25 boxes are smaller sources. If

three B-25 boxes were placed on a flatbed, the radiation emitted by them would be similar to that

emitted by one RCI container. It is assumed that fifty B-25 boxes of the most highlv
contaminated waste would be shipped one container at a time to allow enough-shielding and
distance between the driver and the box to maintain dose rates ALARA. This assumption is
added to the cost of 1301-N crib. which is considered most likely to have wastes with high dose

rates .
A conservative estimate for the dose to a driver is calculated by the MICROSHIELD DOS file

"B25SHLD", which shows a driver can be exposed to 2.54 mR/hr when sitting in a shielded cab.
The dose to the driver during brief periods outside the cab can be obtained from MICROSHIELD
DOS file - NCRBB25" which calculates a dose of 41.7 mR/hr for a person 9 feet from an

unshielded B-25 box.
Assuming the driver spends 25 minutes to drive between 10ON and ERDF. 45 seconds within 9
feet of the truck while entering data at the ERDF scales and another 10 minutes in the cab as the

B-25 boxes are off loaded, the average dose would be as follows:

(35 mins!35.66mins) x 2.54 mR/hr + (.66mins/35.66mins) 41.7mR/hr = 3.26 mR/hr

The value was rounded-up to 3.5 mrem/hr to allow for time for incidental activities outside of the
shielded cab. This value is higher than that used in the "1 OONR- 1 Treatment, Storage, and
Disposal Units Corrective Measures Study (CMS) /Closure Plan" (DOE/rl-96-39) for work in
2001. There is no blending of the wastes put in the B-25 boxes and the CMS assumed a blend
ratio of five to one.

Waste Labelina and Container Storaie

Dose reduction for storage and labeling operations relies on quick entry and fast work at a
distance.
Workers are expected to spend about 5% of their time near items reading 50 mR/hr in options 3,
4 & 5. The rest of the time will be spent in areas at or near background. In option 2 workers will
spend all time in low dose areas.

Average dose rate in Options 3-5: .05 x 50 mR/hr = 2.5 mR/hr average dose rate

C-17



Bechtel Hanford, Inc.

Originator Mike Wesselman
Project 100N CRIBS,RAWD
Subject Dose Estimates for

Sheet No. 5 of 18

BHI-01092
Draft ACALCULATION SHEET

Date 10/10/97 Cabc. No. 100N-CA-V0004 Rev No 0
Job No. 22192 Checked D Date 10/10/97
Workers Involved with Remediating 1301N & 1325N

N-Cribs Alternatives Studv. Time Frame by Case

Operation

Remove Panels and
Beams

Remove Concrete

Remove LLW soil
above Boulders

Remove Boulders

Remove High Dose
Soils 1301

Remove Medium Dose

Soils 1301

Remove High Dose
Soils 1325

Remove Medium Dose
soils 1325

Total:

Case 2
(days)

43.9

14.5

14.6

40.7

112.9

Case 3
(days)

43.9

14.5

14.6

47.5

14.8

100.8 100.8

113.8

88.1

43.9

88.1

529.3 368.1

Case 4
(days)

43.9

14.5

14.6

47.5

14.8

100.8

43.9

88.1

368.1

Case 5
(days)

43.9 .

14.5

14.6

47.5

14.8

115.5

43.9

106.2

400.9
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Bechtel Hanford, Inc.

BHI-01092
Draft ACALCULATION SHEET

Originator Mike Wesselman Date 10/10/97 Calc. No. 100N-CA-VO004 Rev No 0

Project 100N CRIBS,RAWD Job No. 22192 Checked -Date 10/10/97
Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N

Sheet No. 6 of 18

Panel Removal Exposure Times
Panels removed in all options. table below contains all assumptions and estimates. Exposure

rates based on the 1995 Man Carried Radiological Detection System (MRDS) survey (File ID #'s
1325C826.dwg & 1301C826.dwg)

Panel Removal Exposure Estimates
Panels removed in all options. Table contains all estimates.

Task

Install rigging on
panels
Riggers for lift

Crane operator

Truck driver

install straps on
beams
Dust
suppression

Crew Hours Average
Duration Dose rate

mR/hr
2 120 10

2 285

1 285

1 385

1 100

1 385

2.5

1

0.3

10

1

Dose(mrem/task)

2400

1425

285

115.5

1000

385

Total

Option 1 Exoosure Times

5611

Option one was dropped from consideration by the project because it was undesirable.

C-19
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1200

712.5
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1000
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Project 100N CRIBS,RAWD Job No. 22192 Checked W Date 10/10/97

Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N

Sheet No. 7 of 18

Option 2 Exposure Times

Case 2 Total Time 529.3 Days

Remove Boulders

Remove Concrete

Remove Panels

Remaining Days

- 40.7 Days

- 14.5 Days

- 43.9 Days

430.2 Days

Install Liners
2 hrs/day x 430 days = 860 hours.

Liners are installed near stockpile of wastes used for blending. Dose rates near this pile
should be .1 mR/hr. This will account for other work in elevated background even if liners
installed in background area.

Boulder Forklift. (See Remove Boulders above)
40.7 days X 3.5 hrs/day = 133 hours.

Dose rate will be 3.5 mR/hr

Stockpile Track hoe
High dose only High dose 1301

High dose 1325

Operator exposed 40 minutes a day.

112.9 days
113.8 days
226.7 days
x .66 hrs/dav

149.6hrs = 150 hrs

Operator will take about one minute to cover highly contaminated wastes. Exposure rate will
average 1 mR/hr during this operation. Based on Operator being 30 feet from one cubic meter
of high level wastes.
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BHI-01092
Bechtel Hanford, Inc. CALCULATION SHEET Draft A
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Project 10ON CRIBS,RAWD Job No. 22192 Checked W Date 10/10/97

Subject Dose Estimates for Workers Involved with Remediatin 1301N & 1325N

Sheet No- 8 of 18

Water Truck. see "Total Time" above.
Operator is in area 3.0 hours/day every day.
Total days = 529.3 x 3.0 hrs/day = 1587.9

= 1588 hours.

Dose rate will be .1 mR/hr.

Excavation Track hoe
Operator will be near edge for 3.0 hrs/day even day.
Also 1588 hours.

Dose rate will be 3.5 mR/hr

Excavation Truck Driver
Will require more time in area since must stop at two trackhoes for half of week.
Should average 3 hrs/day in area = 1588 hours

Should spend 50% of time in elevated dose area and 50% of time in low dose area.
Average dose rate will be .5(3.5 mR/hr)+.5(.lmR/hr)= .8 mR/hr

RCT's at 100-N
Will either be near excavation or surveying containers. With proper rotation, an average low
dose rate can be used but exposure time is 6.5 hrs/day.

6.5 hrs/day x 529.3 days = 3,441 hours.

Dose rate will average .lmR/hr.

Laborer -will have similar duties, securing B-25s, sealing RCI containers.
Also, 3,441 hours exposure time.

Dose rate will average .1 mR/hr

Waste Labeling - Approximately 40 minutes a day to apply shipping papers.
529.3 days x .66 hrs/day = 349.34 hrs _ 350 hours.

Dose rate will average .1 mR/hr

RCI Drivers 3 hours per day x 529.3 days = 1587.9 hours = 1588 hrs.
Most waste will be low dose.
Haul Concrete and Boulders (40.7 + 14.5 days)/ 529.3 days x 100% = 10.4 % of time
Average dose .104 (3.5 mR/hr) + .896 (.1 mR/hr) = .454 mR/hr = .5 mR/hr

C-21
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ERDF RCTs - 3 hours a day x total days
3 hrs/day x 529.3 days = 1587.9 = 1588 hours
Dose rate will be .1 mR/hr

ERDF Dozer Same as RCT's.

ERDF RiQ2ers should spend less than 15 mins/day near high dose rate boulder boxes.
40 x .25 = 10 hours

Dose rate will be 50 mR/hr

ERDF Crane.'
3.5 hrs/day x 40 days = 140 hours
Operator will spend 50% of time near high dose rate waste and 50% of time at more than 30 feet

from wastes.
Average dose will be .5( 3.5mR/hr) +.5(.1 mR/hr)= 1.8 mR/hr

ERDF laborers Crew will rotate on high dose work.

Exposure time will be at dump phase of low level ( see calculation for installing liner) waste.

1.5 minutes/container x 40 containers/day = I hr/day x 430.2days = 430.2 hours.

Dose rate will be .1 mR/hr

ERDF Compaction Test. Worker can minimize time on wastes, still receives dose from - shine

through overburden. One test a day on loose soils
430.2 days x 7 min/test x I hr/60min = 50.2 hours testing

Dose rate will be .1 mR/hr

ERDF Storage -
Worker will spend about 5 minutes a day inspecting container storage area.

529.3 days x 5 min/day x lhr/60min = 44.1 hrs . Dose rate will average .1 mR/hr

C-22



BHI-01092

Bechtel Hanford, Inc. CALCULATION SHEET Draft A

Originator Mike Wesselman Date 10/10/97 Calc. No. 100N-CA-V0004 Rev No 0
Project 10ON CRIBS,RAWD Job No. 22192 Checked Date 10/10/97
Subject Dose Estimates for Workers Involved with Remediattng 1301N & 1325N

Sheet No. 10 of 18

Qption 2 Exposure Estimates

Task Crew Hours Average Dose(mrem/task) dose/crew member
Duration Dose rate

mR/hr
Boulder Forklift 1 133 3.5 465.5 465.5
Stockpile Track hoe 1 150 1 .150- 150
Liner Install 2 860 0.1 172 86
Water Truck 1 1,588 0.1 158.8 158.8
Excavation Track 1 1,588 3.5 5558 5558
hoe
N Truck Driver 2 1,588 1.8 5716.8 2858.4
NRCTS 4 3,441 0.1 1376.4 344.1
Laborers 2 3,441 0.1 688.2 344.1
Waste Label 1 350 0.1 35 35

0 0
RCI Drivers 4 1588 0.5 3176 794
ERDF RCTS 4 1588 0.1 635.2 158.8
ERDF DOZER 1 1588 0.1 158.8 158.8
Riggers (B-25's) 1 10 50 500 500
ERDF Crane 1 140 1.8 252 252
ERDF Laborers 2 430.2 0.1 86.04 43.02
Compaction Test 1 50.2 0.1 5.02 5.02
Panels & Beams 5610 0
Storage 1 44.1 0.1 4.41 4.41

Total 24748 mrem

C-23
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Option 3 Exposure Time Estimates

Forklift Operator for Boulders and Hot Fill

Remove boulders

High Dose 1301

High Dose 1327

TOTAL

40.7 days x 3 hrs/day

112.9 days x 3 hrs/day

113.8 days x 3 hrs/day

267.5 days x 3 hrs/day

= 122.1 hrs

= 338.7 hrs

= 341.4 hrs

= 802.2 hrs

Dose rate will be 3.5 nR/hr

B-25 Truck Drivers each spend half as much time as forklift operator = 401.1
Dose rate will be 3.5 mR/hr

Water Truck = 368.1 days x 3 hr/day = 1104 hrs. Dose rate will be .1 mR/hr

Track hoe - stays behind shield half the time plus dose averages down at 1325.
368.1 days x 3 hr/day = 1104 hrs. Dose rate will be 3.5 mR/hr

Truck Drivers for RCI containers - only for medium dose (MD)
MD 1301 = 100.8 days x 1.5 hr/day = 151.2 hrs.
MD 1325 = 113.8 days x 1.5 hr/day = 170.7 hrs.

214.6 days x 1.5 hr/day = 321.9 hrs.

Dose rate will be .1 mR/hr

RCT's at 1 OON Cribs - will stay in low dose or behind shielding, will work near excavation
10% time, survey out containers, and 90% time for entire project.
368.1 days x 3 hr/day = 1104 hrs.

Will spend 10% of time near high dose rate wastes and 90% of time in low dose areas.
Average dose will be .1 (3.5mR/hr) +.9 (.1 mR/hr) = .44mR/hr

Laborers at 100N Cribs - same as RCTs ,1104 hrs.
Duties will be in same areas as RCT's. Average dose rate will be .44 mR/hr
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Waste Labeling - Total time minus time to remove panels. Panels will have no dose rates.
368.1 days - 43.9 days = 324 days
Time near high dose items will be 5% of total time.
3.5 hrs/day x 60 min/hr x 5% of time = 10.5 min .175 hrs.
324 days x .175 hrs/day = 56.7 hrs.
Dose will average 2.5 mR/hr

RCI Drivers - lower level wastes only

Total 368.1 days
-High dose 1325 -113.8 days
-High dose 1301 -100.8 days
-High dose boulders -40.7 davs

112.8 days
- Concrete - 14.5 days

98.3 days = 99 days
X 3.25 hr/dav

321.75 hrs
Dose rate will be .1 mR/hr.

RCI B-25 Approximately 8600 boxes hauled 3 at a time = 2867 trips +4 drivers = 717
trips/driver
Driver is in dose for 30 min/trip = 358.5 hours
Dose rate will be 3.5 mR/hr

ERDF RCT's and Dozer Majority of time in low dose areas.
Average dose will be =.1mR/hr

Crane operator - is exposed for about 5 minutes per box for 8600 boxes
8600 x .083 = 713.8 hrs.
Operator will spend 50% of time near high dose rate waste and 50% of time at more than 30
feet from wastes.
Average dose will be .5( 3.5mR/hr) + .5(.i mR/hr) = 1.8 mR/hr

ERDF Riggers - are exposed about the same amount of time as the crane operator is
= 7183 hours

Average dose rate will be similar to that for waste labeling 2.5 mR/hr

ERDF Laborers - same as RCTs - 1104 hrs, .1 mR/hr
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ERDF Storage -
Worker will spend about 5 minutes a day inspecting container
368.1 days x 5 min/day x lhr/60min = 30.67 Irs = 31 hrs
Average dose rate will be 2.5 mR/hr
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Project 100N CRIBS,RAWD Job No. 22192 Checked

Subject Dose Estimates for Workers Involved with R
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Comvaction Testing - Will not be exposed to B-25 boxes.
368.1 days x 7min/test x I hr/60min = 42.94 hrs = 43 hrs.
Dose rate will be .1 mR/hr

storage area.

Ontion 3 Exoosure Estimates

Task

B25 forklift

Crew Hours Duration

1
B25 truck
Water truck
Track hoe
N truck driver
NRCTS
Laborers
Waste labeling
RCI Drivers
RCI B25 drivers
ERDF RCTS
ERDFDOZER
crane operator
ERDF Riggers
ERDF Laborers
Compaction test
Storage
Panels & Beams

Total

802.2
401.1
1104
1104

321.9
1104
1104
56.7

321.75
358.5
1104
1104

713.8
713.8
1104

53.65
31

Average
Dose rate

mR/hr
3.5
3.5
0.1
3.5
0.1

0.44
0.44

2.5
0.1
3.5
0.1
0.1
1.8
2.5
0.1
0.1
2.5

Dose(mrem/task)

2807.7
2807.7

110.4
3864

64.38
1943.04
1943.04

141.75
128.7
5019

441.6
110.4

1284.84
1784.5
220.8
5.365

77.5
5610

dose/crew
member

2807.7

1403.85
110.4
3864

32.19
485.76
485.76
141.75
32.175

1254.75
110.4
110.4

1284.84
1784.5

110.4
5.365
77.5

28365 mrem
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Option 4 Worker Exposure Time Estimates

Same as Option 3, except there is no compaction test and no bulldozer at waste management.

Did not account for additional time that may be required to package, label and document

waste to waste management's specifications.

Option 4 Worker Exposure Estimates

Task Crew Hours

B25 Forklift
B25 Truck
Water Truck
Track hoe
N Truck Driver
NRCTS
Waste Label
Laborers
RCI Drivers
RCI B25 Drivers
WM HPT's
Crane Operator
WM Riggers
WM Burial
Storage
Panels & Beams
Total

Average Dose(mrem/task)
Duration Dose rate

mR/hr
802.2
401.1
1104
1104

321.9
1104
56.7
1104

321.75
358.5
1104

713.8
713.8
1104

31

3.5
3.5
0.1
3.5
0.1

0.44
2.5

0.44
0.1
3.5
0.1
1.8
2.5
0.1
2.5

dose/crew member

2807.7
2807.7

110.4
3864

64.38
1943.04

141.75
1943.04

128.7
5019

441.6
1284.84
1784.5

220.8
77.5
5610

28249 mrem
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Option 5 Exposure Times
Forklift for B-25 present for all but panel a concrete beam removal therefore

400.9 days
- 14.6 days
- 14.5 days
- 43.9 days
327.9 days at 3/hr/day = 983.7 hours
Dose rate will average 3.5 mR/hr.

B-25 Truck exposed % as much as forklift.
983.7 hrs 2 = 491.85 hrs = 492 hours.

Dose rate will average 3.5 mR/hr

Water Truck - 3 hr/day x 400 days = 1200 hours
Dose rate will average .1 mR/hr

Track hoe same as forklift = 983.7 hours
Dose rate will average 3.5 mR/hr

N Truck Driver - %A as much as forklift = 492 hours

Half of boxed wastes will be medium and low dose wastes in this option
Dose rate will average 1.8 mR/hr

RCT's-will use shielding and distance but still exposures will be higher. 983.7 hours
RCT will spend 50% of time near high dose rate waste and 50% of time in low dose areas.
Average dose will be .S(3.n5mR/hr)+ .5(.1 mR/hr)= 1.8 mR/hr

N Laborers - will assist securing loads and with surveys and packaging. Will average about
2 workday near wastes.

327.9 days x 3.0 hr/day = 983.7
Average dose rate will also be 1.8 mR/hr.

Waste labeling will be limited to 15 min/day . 400 days x .25 hr/day = 100 hours
Dose rate will average 2.5 mR/hr

RCI Drivers - exposed 'A as much as 1 ON Drivers = 245 hours
Half of boxed wastes will be medium and low dose wastes in this option.
Dose rate will average 1.8 mR/hr

ERDF RCT's will be exposed slightly more than in a typical low dose situation because of
surveys performed on B-25 boxes. = 492 hours
Dose rate will average .44 mR/hr
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Task

B25 Forklift
B25 Truck
Water Truck
Track hoe
N truck driver
NRCTS
Laborers
Waste Label
RCI B25 drivers
ERDF RCTS
ERDF Riggers
ERDF Crane
Storage
Panels & Beams
Total

Crew

1
2
1
1
2
4
4
1
4
4
1
1
4

Hours
Duration

983.7
492

1200
983.7

492
983.7
983.7

100
245
492
492
492
100

Average Dose
rate mR/hr

3.5
3.5
0.1
3.5
1.8
1.8
1.8
2.5
1.8

0.44
2.5
0.1
2.5

Dose(mrem/task) dose/
men

3442.95 3
3444

120
3442.95 3

1771.2
7082.64 1
7082.64 1

250
1764

865.92
1230
49.2
1000
5610

37156 mrem
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ERDF Riggers same as B-25 truck drivers at lOON = 492 hours
Dose rate will average 2.5 mR/hr

Storage - 400 days x 5 min/day x 1 hr/60 min = 33.3 hrs.
Dose rate will average 2.5 mR/hr

Option 5 Exposure Estimates

'crew
mber
442.95

1722
120

42.95
1771.2
770.66
770.66

250
441

216,48
1230
49.2
250

0
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TRU-Drum Exposure Times

Drum handler: 20 drums/hour for 1000 drums = 50 hours
Dose rate will be 50 mR/hr
Forklift: Handles drum 3 times, during fill, during lidding and during loading.
150 hours with drum on board
150 hours empty
25 hours stand-by = 325 hours

Dose rate will be 3.5 mR/hr
Track hoe can only go as fast as forklift = 325 hours
Dose will be 3.5 mR/hr
N Truck Driver - same = 325 hours
Dose rate will be 3.5 Mr/hr
RCTs = 325 hours, Dose rate will be .44 mR/hr

Laborers = 325 hours, Dose rate will be .44mR/hr

Waste label 15 min/day for 48 days = 12 hours, Dose rate will be 2.5 mR/hr.

RCJ Drivers - 2 hr/day for 48 days = 96 , or - 100 hours, Dose rate will be 3.5 mR/hr

Waste Manapement (WM) HPT's - will need to stand by for about 1/3 of transport time, 30
hours. Dose rate will be same as for RCT's .44 mR/hr

WM Rie2ers - will take a little more than / as long to unload as to load. 175 hours
Dose rate will average 2.5 mR/hr

WM Crane- Same duration as riggers, 175 hours. Dose rate will be, .1 mR/hr

Receipt Inspection for TRU- similar to HPT duties. 30 hours, Dose rate will be .1 mR/hr

Wastes storage- TRU is not buried, waste will be inspected about 12 hours a year.
Dose rate will be .1 mR/hr
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TRU- Drum Dose Estimate

Task

Drum
Handling
Forklift
Track hoe
N Truck driver
NRCTS
Laborers
Waste Label
RCt drivers
WM HPT's
WM Crane
WM Riggers
WM
Receiving
Storage

Total

Crew Hours
Duration

1

1
1
2
4
2
1
4

1

50

325
325
325
325
325

12
100

30
175
175

30

1 12

Average
Dose rate
mR/hr

50

3.5
3.5
3.5

0.44
0.44

2.5
3.5

0.44
0.1
2.5
0.1

Dose(mrem/task) dose/crew member

2500

1137.5
1137.5

2275
572
286

30
1400
13.2
17.5

437.5
3

2.5 30

9879

2500

.4 1137.5
1137.5
1137.5

143
143

30
350
13.2
17.5

437.5
3

30

mrem
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Item Item Description Equpment Materials Labor SiC Subtotal Distribs -Home Office Profit B&O Tax Total
$ $ $ $ Direct 25% 3.00% 5.00% 0.47% Bid

Remove Panels & Beams $ 33,230 $ 62,490 $ 239,382 $ 49.530 5 384,632 $ 96,158 $ 14,424 S 24,761 $ 2,444 $ 3 522,418

Remove High Dose Concrete $ 2,657 $ 78.180 $ 2,738 $ 585 $ 84,160 $ 21,040 $ 3,156 $ 5,418 $ 535 $ - $ 114,309

Remove LLW Concrete $ 16,994 $ 534 $ 10,593 3 - $ 28,121 $ 7.030 $ 1,055 1 1,810 5 179 $ - $ 38,195

Remove LLW Soil above Boulders $ 12,392 $ 16,602 $ 12,223 $ - $ 41,217 $ 10,304 $ 1,546 $ 2,653 $ 262 $ - $ 55.982

Remove Boulders 1301 Crib $ 45,489 $ 3,248,223 $ 61,098 $ 8.385 $ 3,363,195 $ 840,799 $ 126,120 $216,506 $ 21.369 $ - $ 4,567.988

High Dose Soil 1301 Crib & Trench $ 290,499 $ 232.068 $ 262,995 $ 150,106 $ 935,669 3 233,917 $ 35,088 $ 60,234 $ 5,945 $ - $ 1.270,852

High Dose Sail 1325 Crib & Trench $ 291.548 $ 234.463 $ 266,963 S 147,324 $ 940,298 $ 235,075 $ 35,261 $ 60,532 5 5,974 $ - $ 1,277.140 I

Medium Dose Soil 1301 Crib & Trench $ 176,165 $ 122,709 $ 159,755 $ 6,565 $ 465,194 $ 116,299 $ 17,445 $ 29.947 $ 2,956 $ - $ 631,841

Medium Dose Soil 1325 Crib & Trench $ 155,756 $ 107,233 $ 140,956 $ 5,785 $ 409,730 $ 102,433 $ 15,365 $ 26,376 $ 2,603 $ $ 556,508.i

Excavate Clean Overburden 1301 $ 13,866 $ - $ 7,920 $ $ 21,786 5 5,447 $ 817 $ 1,402 $ 138 $ $ 29,590

Excavate Clean Overburden 1325 $ 6,941 $ . $ 3,966 $ - $ 10.907 $ 2,727 $ 409 $ 702 $ 69 $ - $ 14,814 "1

SupportFunctions $ 17,480 $ 201,486 $ 1,529,808 $ - $ 1,748,782 $ 437,195 S 65,579 $112,578 $ 11,111 $ - $ 2,375.246

Mobillzation/Demobilization $ 26.404 $ 248,912 $ 4,805 $ 118,000 $ 398,121 $ 99,530 $ 14,930 $ 25,629 $ 2,530 $ $ 540,739

Subtotals: $ 1,089,431 $ 4,552.900 $ 2.703.202 $ 486,280 $ 8,831,813 $ 2,207,953 $ 331,193 $58,548 $ 56,116 $ - 3 11,995,622

ERDF Disposal $ 192,946 $ - $ $ 17,269,694 $ 17,462,641 $ 17,462.641

ERC Support $ - S - $ 2,045,615 $ 500,000 $ 2,545.615 $ 2,545,615

Subtotal $ 32,003,878

Option 2Blend lower dose materials (LLW from 100 IH & F) with materials from 1301 Crib & Trench and 1325 Crib & Trench to lower dose rate Direct Distribs 0 18.49% 5 5,917,517
to allow free dumping at ERDF with modilled operatIons at ERDF. - -

High dose soil (top I toot) blended at 25 :1. Assume blended with 2 feet o. shielding on lop and the LL W materials. ISubtotal $ 37,921,395
Medium dose soil (next 4 feet) blended at 1.2:1 , Assume blended wIth 1 fool of shieldig on top and 3.8 feet of I ---
material beneath the Medium dose layer. G&A @ 3.89% $ 1,475,142

JTOTA: 1$ 39,396,538



Item Item Description Equipment Maleralas Labor S/C Subtotal Distribs Home Otice Proin B&O Tax Total
$ $ $ $ Direct 25% 3.00% 5,00% 0.47% Bid

Remove Panels & Beams $ 33,230 $ 62,490 $ 239,382 $ 49,530 $ 384,632 $ 96,158 $ 14,424 $ 24,761 $ 2.444 $ - $ 522,418

Remove High Dose Concrete $ 2,657 $ 78,180 $ 2,738 S 585 $ 84,160 $ 21.040 5 3,156 $ 5,418 $ 535 $ - $ 114,309

Remove LLW Concrete $ 16,994 $ 534 3 10,593 $ - 5 28,124 $ 7,030 $ 1,055 $ 1,810 $ 179 $ - $ 38,195

Remove LLW soil above Boulders $ 12,392 $ 16,602 $ 12,223 $ - $ 41,217 $ 10,304 $ 1.546 $ 2,653 $ 262 $ - 5 55,982

Remove Boulders 1301 Crib $ 53.069 $ 3,789.035 $ 71,265 $ 9,360 $ 3,922,729 $ 980.682 $ 147.102 $ 252,526 $ 24,924 $ $ 5,327,964

High Dose Soil 1301 Crib & Trench $ 18,001 $ 1,181,852 $ 23.101 $ 2,925 $ 1,225,880 $ 306,470 $ 45,970 $ 78,916 $ 7,789 $ - $ 1,665,025

High Dose Soil 1325 Crib & Trench $ 56,929 $ 3,505,780 $ 71,508 $ 8,580 $ 3,642,797 $ 910.699 $ 136,605 $ 234,505 $ 23,146 $ - $ 4,947,751

Medium Dose Soil 1301 Cr1b & Trench $ 176,165 $ 122,709 $ 159,755 $ 6,565 $ 465,194 $ 116,299 $ 17,445 $ 29,947 $ 2,956 $ - $ 631,841

Medium Dose Soil 1325 Crib & Trench $ 155,756 $ 107,233 $ 140,956 $ 5.785 $ 409,730 5 102,433 $ 15,365 $ 26,376 $ 2,603 $ $ 556,508

Excavate Clean Overburden 1301 $ 13,866 $ - $ 7,020 $ - $ 21,786 $ 5,447 $ 817 $ 1.402 $ 138 $ $ 29,590

Excavate Clean Ovetburden 1325 $ 6,941 $ - $ 3,966 $ - $ 10,907 $ 2,727 $ 409 $ 702 $ 69 $ - $ 14,814

Support Functions 3 12,162 $ 120,863 $ 945,715 $ - $ 1,078,740 $ 269,685 $ 40,453 $ 69,444 3 6,854 $ $ 1,465,176

Mobilization/Demobilization $ 23,125 $ 246,447 $ 4,565 $ 118,000 $ 392,136 $ 98,034 $ 14,705 $ 25,244 $ 2,492 $ - $ 532,611

Subtotals: $ 581.287 $ 9,231,726 $1,693,688 3 201,330 $ 11,708.030 $2,927,008 $ 439.051 $ 753,704 $ 74,391 $- $ 15,902,184

ERDF Disposal $ 457,496 $ - $ - $ 8,369,833 $ 8.827,329 $ 8,827,329

ERC Support $ $ - 51,422,617 $ 500,000 $ 1,922,617 $ 1.922,617

Subtotal $ 26,652,129

Option 3 Contalnerized shipments of Hi0 dose materials to ERDFwIth blending ot Medium dose materals for free dumping Direct Distribs 0 18.49% $ 4,927.979
with odifed oeatios at ERDF i I I I I

- ocoemtras(o_1fo+silig cotleizen B-25 boxes and shipped to EROF I
Medium dose soil next 4 leet blended at 12:1. Assume blended with 1 too of shielding on top and 3.8 feet LLW material. Subtotal $ 31,580,108
beneath the medium dose layer and shipped to ERDF. G& I I -%-- -2,

---- - - T A89 % $ 1 ,2 2 8 ,4 66

___L __ $32,808,574

0
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Item Item Descriplion Equipment Materials Labor S/C Subtotal Distribs Home Olice Profi B&O Tax Total
$ $ $ $ Direct 25% 3.00% 5.00% 0A7% Bid

Remove Panels & Beams $ 33,230 $ 62,490 $ 239.382 $ 49,530 $ 384,632 $ 96,158 S 14,424 S 24,761 $ 2,444 $ $ 522,418

Remove High Dose Concrete $ 2.657 $ 78,180 $ 2,738 $ 585 $ 84,160 $ 21,040 $ 3,156 $ 5,418 $ 535 $ $ 114,309

Remove LLW Concrete $ 16,994 $ 534 $ 10,593 $ - $ 28,121 $ 7,030 $ 1,055 $ 1,810 $ 179 $ - $ 38,195

Remove LLW Soil Above Boulders $ 12,392 $ 16,602 $ 12,223 $ $ 41,217 $ 10,304 $ 1,546 $ 2,653 $ 262 $ $ 55,982

Remove Boulders 1301 Crib $ 53,069 $ 3,789,035 $ 71,265 $ 9,360 $ 3,922,729 S 980,682 3 147,102 $ 252,526 $ 24,924 $ $ 5.327.964

High Dose Soil 1301 Crib & Trench $ 18,001 $ 1,181,852 $ 23,101 S 2,925 $ 1,225,880 $ 306,470 $ 45,970 $ 78,916 3 7,789 $ - $ 1,665,025

High Dose Soil 1325 Crib & Trench $ 56,929 $ 3,505,780 $ 71,508 $ 8,580 $ 3,642,797 S 910,699 $ 136.605 $ 234,505 $ 23,146 $ $ 4,947,751

MediumDoseSoil 1301 Ciib&Trench $ 176.165 $ 122,709 $ 159,755 $ 6,565 $ 465,194 $ 116,299 $ 17.445 $ 29,947 $ 2,956 - 631,841 c
Medium Dose Soil 1325 Crib & Trench $ 155,756 5 107.233 3 140,956 S 5,785 $ 409,730 $ 102,433 $ 15.365 5 26,376 $ 2,603 $ _$ 556,508

Excavate Clean Overburden 1301 $ 13.866 $ - 3 7,920 $ - $ 21,786 $ 5,447 $ 817 $ 1,402 $ 138 $ - $ 29,590

Excavate Clean Overburden 1325 $ 6,941 3 - $ 3.966 $ - $ 10,907 $ 2,727 $ 409 $ 702 $ 69 $ - $ 14,814

Support Functions $ 12,162 $ 120,863 $ 945,715 $ - $ 1,078,740 $ 269.685 $ 40,453 $ 69,444 $ 6,854 $ - $ 1,465,176 Q

Mobilization/Demobiilzatlon $ 23,125 $ 246,447 $ 4,565 $ 118,000 $ 392,136 $ 98,034 $ 14,705 $ 25,244 $ 2,492 $ - $ 532,611

Subiotals: $ 581,287 $9,231,726 $1,693,688 $ 201,330 $ 11,708,030 $ 2,927,008 $ 439,051 $ 753,704 $ 74,391 $ . $ 15,902,184

ERDF Disposal $ 24,199 $ $ - $ 19.299,850 $ 19,324,049 $ 19,324,049

ERG Suppor $ - S - $ 1,422,617 $ 500,000 $ 1,922,617 $ 1,922,617

- Subtotal: $ 37,148,850

Option 4 Conlainerized shipments of High dose materials to Waste Management (RFSH) and blending of Medium dose materials for I ree dump Direct Distrbs 40 18.49% $ 6,668,822
with modified operations at EROF. I I [ I I I
High dose materials (top 1 loot + shielding) containerized ir 8-25 boxes and shippjto RFSH, _ ISubloal: $ 44,017,672
Medium dose soil (next 4 feet) blended at 1.2:1. Assume blended wilh 1 foot of shilding >n top and 3.8 feel LLW material. I
beneath the medium dose layer and shipped o ERDF. G&A 3.89% $ 1,712,287

____]TOTAL: $ 29, 0W

a
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Item item Description Equipment Materials Labor SiC Subtotal Distribs Home Office Proit B&O Tax Total
$ $ $ $ Direct 25% .3.00% .5.00% 0.A7% Bid

Remove Panels & Beams -33.230 $ 62,490 $ 239,382 $ 49,530 $ 384.632 $ 96.158 $ 14,424 $ 24,761 $ 2,444 $ - $ 522,418
Remove High Dose Conete $ 2,657 $ 78.180 $ 2,738 $ 585 $ 84,160 $ 21,040 $ 3.156 $ 5,416 3 535 $ - $ 114,309

Remove LLW Concrete $ 16,994 $ 534 $ 10,593 1 - $ 28,121 $ 7.030 $ 1,055 $ 1,810 5 179 $ - $ 38,195

remove LLW Solis Above Boulders $ 12,392 $ 16,602 $ 12,223 $ - $ 41,217 $ 10.304 $ 1,546 $ 2,653 $ 262 $ - $ 55,982

FemoveBoulders 1301 Crib $ 53,069 $ 3,789,035 $ 71,265 $ 9,360 $ 3,922,729 $ 980.682 $ 147,102 $ 252,526 $ 24,924 $ $ 5,327,964

High Dose SoN 1301 Crib &Trench $ 18,001 $ 1,181,852 $ 23,101 $ 2,925 5 1,225,880 $ 306.470 $ 45,970 $ 78,916 $ 7,789 $ - $ 1,665,025

High Dose Soil 1325 Crib & Trench $ 56,929 _ 3,505,780 $ 71,508 $ 8.580 $ 3.642,797 5 910,699 $ 136,605 $ 234,505 $ 23,146 $ 3 4,947,751

Medium Dose Sojl 1301 Crib&Trench 3 131,462 $ 9,216,223 $ 174,964 $ 22,620 5 9,545,269 $2,386,317 $ 357,948 $ 614,477 $ 60.649 $ - $ 12,964,659

Medium Dose Soil 1325 Cib & Trench $ 122,546 $ 8,474,722 3 162,128 $ 20,865 $ 8,780,261 $ 2,195,065 $ 329,260 $ 565,229 $ 55.788 $ - S 11,925,603

Excavate Clean Overburden 1301 $ 13,866 $ - $ 7,920 $ - 3 21.786 $ 5,447 $ 817 $ 1,402 $ 138 $ - S 29,590

Excavate Clean Overburden 1325 $ 6,941 $ - $ 3,966 $ - $ 10.907 $ 2,727 $ 409 $ 702 $ 69 $ $ 14,814

Suppori Functions $ 13,246 $ 131.626 $ 927,284 $ - $ 1,072,155 $ 268,039 $ 40,206 $ 69,020 $ 6,812 $ - $ 1,456,232

_M$_biiza__on/Demobillzatlon $ 246.447 $ 4,565 $ 118,000 $ 392,136 $ 98,034 _ 14.705 $ 25,244 3 2,492 $ - $ 532,611

Subtolals: $ 504,457 $ 26,703,491 $ 1,711,636 $ 232,465 $ 29,152,049 $ 7.288,012 $ 1,093,202 $1,876,663 $ 185,227 $ - $ 39,595,153

EHDF DIsposal 5 1,352,562 $ $ - $ 6.457,884 $ 7,810,446 $ 7,810,446

ERG Support $ - S - 1,549.381 $ 500,000 $ 2,049,381 $ 2,049,381

Subtotal $ 49,454,980

ption 5 ContaInerIzed shipments o1 both High dose and Medium dose materials to ERDF Direct Distrib 18.49% $ 9,144,226
with modified gprallons at EROF.
High dose materials (top I toot + shielding) containerized in E-25 boxes and shopped to ERF. JSubtotal $ 58,599,206
Medium dose soil (next 4 feet) containerized In B-25 boxes and shipped to ERDF,

G&A 0 3.89% $ 2,279,509

TOTAL: $ 60,878,715
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